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ERRATA SHEET 

Note 1 : Add the following to page 14-5 after section 1 .2 

1.3 Mechanical VentHation 

When the adjusted noise level at the building facade exceeds 60 dBA, it is the 
policy of this Ministry to recommend central airconditioning to ensure that the 
windows may remain closed. In high density condominium or rental residential 
developments, central airconditioning may not be practical or economically 
feasible and other forms of mechanical ventilation may be preferable. 

The Ministry accepts this option with the following conditions: 

a) the Municipality approves its use, and 

b) the ventilation system complies with all applicable national, provincial 
or municipal standards and codes, and 

c) the ventilation system allows the windows to remain closed. 
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ABSTRACT 



The pr©eent publication, is a revieion of a manual 

published in 1978 by the Ministry titled '''Acoustics 
Technology in, Land Use Plann,ing". 

While this publication is in a textbook foriiat, serving as 
a reference manual for the certlfic,ate course 
"Environmental Noise Aeeessnient in Land Use Planning", it 
also summarizes the principles and procedures used for 
nodse ,as,se,ss:ment forming a seed document for the prepara- 
tion, O'f policies. 

The document covers the following topics: Land use 
planning concept,e and procedure,© ,, PLanning process in 
Ont,a,ri0, Fun,d„aiiientals of so'und and vibration. Analysis of 
community noise, Sound level limits and criteria. 
Prediction of road and rail traffic noise levels. Aircraft 
noise contours, Analy,sls of noise control measures. 
Prediction O'f sound b,arrier attenuation. Building 
acoustics and m,.aterials, M,easurement of sound levels,. 
Calculation, workshop, Implem,entat,ion procedures and repor't 
writing, and Ministry review procedu,ree . 
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RESUME 



L,a present© publicatiO'n est la rivlsion. du nanuel intitule 
Accoustlcal T0'ClinolO'gy in Land Use Planning (Teclinologie 
aco'ustiqiiie dans la planification de I'utilisatiO'n du sol), 
publii par le Ministire en 1978. 

Li mamiel sert de reference aiis it'iidlants du cours intitule 
Invlronmental Nowise Assessment in Land Use Planning 
C Evaluation de 1 " environnement acoustique dans la planifi- 
cation de 1" utilisation du sol,) menant a I'obtention d'un 
certiflcat, Comme en outre il resume les principes et 
metlLodes de 1' evaluation du Ibruit,, il constitue le document 
de reference pour 1 ' elaboration des regies. 

La teste porte sur les sujets suivants •. planifieation de 
1' utilisation du sol (concepts et metlaodes) ; processus de 
la planification en Ontario; principes de base de l"acous= 
tique et de la vibration; analyse dii bruit dans les 

localites; eeuils et criteres des niveaux sonores; previ- 
sion des niveauz sonores de la circulation routiere et 
ferroviaire; courbes du niveau sonore des aeronefs; analyse 
des meeures de Ititte contre le bruit; prevision de la 
reduction du bruit par les barrieres acoustiques;: acous- 
tique des batiments et materiaux de conBtruction ; mesure 
des niveaux: sonores; ateliers sur le calcul des niveaux 
sonores; netliodes de mise en application et redaction de 
rapports; methodes d'examen du Ministire. 
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NOISE AND VIBRATION ASSESSimNT 
IN THE PLANNING PROCESS 



1.0 NOISE AND THE PLANNING PROCESS 

The major objective of the planning process in Ontario is 
to minimiEe the potential for conflict through th© 
effective planning and design of new land use. 

Within the planning process all new development or 
redevelopment of lands in Ontario is strictly regulated 
thro-ugh the provisions of the Planning Act (1983) .. This 
Act prescribes general rules for land use planning, 
establishes how land uses may be controlled and whO' may 
control them... 

'The Ministry O'f the Environment is concerned with all 
pspecte O'f land use planning which may affect or be 

affected by the environment. The Ministry receives its 
authO'rity tO' provide input into the planning procese 
through provisions contained in the Planning Act .. The 
Ministry provides comments and recommendations with, regard. 
tO' land use planning on all matters relating tO' its man- 
date - the protection,, conservation and management of the 
natural environment. Subjects of concern to' the Ministry 
include sound and vibration defined in t.he Env i r onme.n t a 1 
Protection Act as being environmental contaminants. 
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2.0 EFFECTS OF NOISE ON THE COBMUNITY 

Nodee pollution, a by-product of our eociety's demand fox 
improved transportation and more material goods, is 
rapidly become a major environmental concern in Ontario. 

The eounde in mo'St urban coromunitlee originate from many 
different sources . Often sounds from, transportation 
syeteme, local industry, commercial eetabliehments,, as 
well as a large numb-er of other sources such as dogs 
barking and children playing can be heard. Due tO' the 
variety and fluctuating nature of the sounds heard in most 
urban communities, several descriptors (see Chapter 5) are 
often required to assess the impacts these sounds may have 
on the local residents. 

The types of sounds which can be controlled through land 
use planning and thus pertinent to our discussion are 
those generated by industry/commerce and transportation 
(i.e. sounds due to road/rail traffic, and aircraft). 

Other types of sounds such as the sounds from, lawn m,owera, 

construction, equipment and sO' ,forth can be effectively 
controlled through nodse by-laws.. 

Recent studies have shown that community noise in general 
And industrial or transportation noise ,i,n particular has 
at least four major effects on people. First,, it can 
interfere with spofcen comm,unication and the ability to 
enjoy television, radio or recorded, material. A second 
major effect, is its interference with relaKation and 
sleep. Decrease in work efficiency due to loss of 
attention is its third major effect. Finally, as a 
consequence O'f these three identifiable direct Impacts, 
noise causes annoyance with, the subsequent loss in the 
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feeling ©■£ well being and the enjoyment of one's 
property . 

In extreme cases, noise may cause adverse 'health effects - 
Although at present information is simply to-o sparse to 
attribute certain health problems to community noise with 
reasonable certainty,, it is kno'wn that noise causes stress 
and therefore contributes to a large number of physical,, 
emotional and mental disorders. 

3.0 NOISE CONTROL nmoUIOT LMTO USE PLANNING 

Only recently have most municipalities in Ontario realized 
the importance of the preventive measures available 
through land use planning in controlling the increasing 
noise problems within their communities.' 

The following provides an overview of the control of 
co:mmunity noise through the planning process. Details on 

this wide ranging topic are discussed in subsequent 
chapters . 

3 . 1 General Procedure 

Although noise control measures may be applied at various 

stages in the development of a co^'ramunity, the general 
procedure remmins essentially the sam,e. After establish- 
ing the locations of the noise sources and their sound 

characteristics, the sound levels at sensitive locations 
are determined either through measurements and/or through 
prediction techniques. The severity of noise impacts is 
determined by comparing the noise level to the Ministry 

criteria. If impact is substantial, proper control 

measures are designed depending on cO'St,, practicality and 
effectiveness . 



1-4 

3.2 Major Control, Mechanlgiis 

The major control ni.echaniemB available at the varlO'US 
stagers in the planning of a co:rrimunity include: 



3.2. 1 Official Plane 

Opportunities for the application of effective noise 

control nieasureis are available at this early stage in 
the planning procese. 

M,ajor noise control meaisures which may be applied 
include: 

(a) spatial eeparation between sensitive and noise 

producing land uses and the suitable arrangement 
of lands within each type of land use; and 

fb| policies aimed ati 



o 



o 



protecting planned sound seneitive 

developments against impacts from 
existing/future generatO'rs of nodse; and 

controlling noise emiseions from planned 
industries, cO'ioraercial establishinents, 
transpO'rtation system,s and other noise 
sources such as pits and quarries. 



3.2- 2 Zoning_ By-Laws 

Noise control measures may be incorporated into a 
zoning by-law to deal with a site specific 
situation where a noise problem, has been identified 
If a rezoning due to a proposed development is 
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necessary, opportunities exist through the zoning 
by-law for the municipality to request the 
implementation of nodse control meaBures,. 

3 .. 2 . 3 Plane of Subdivieion 

In keeping with the requirements imposed by the 

Planning Act on the owner of the land to be 

subdivided, namely,, "regard for the health, ... and 
welfare of the present and future inhabitants of the 

local municipality"', noise control meaeuree may be 
applied through the conditions of approval for the 
proposed subdivision.. 

Land uses which generate noise, depending on the type of 
noise and source ownership: (a) will be subject to the 
Environmental Assessment Act; or (b) will require a 
Certificate of Approval according to the requirements o^f 
the Environmental Protection Act. Land uses which 
generate noise are not discussed in this manual. 

With regard to noise Benaitlve developments, various noise 
control measures are available to achieve acceptable sound 
levels for the future inhabitants. These control measures 

are discussed in detail in Chapters 8, 9 and 10,. In 

brief, they inc 1 ude : 

■° site planning techniques; 

* acoustic barriers; 
® architectural design; 

'°' construction techniques. 

The last two control m,easures relate specifically to In- 
door sound levels. 

The details of other planning procedures where similar 
control m,©chanisms are feasible are given in Chapter 2. 
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3 . 3 Review Process 

The Ministry of the Environment m,ay be requested to 
provide recommendations on noise issues at any stage in 
the development of a community. These recoimmendations 
will normally be provided by regional staff or if the 
situation is compleK by staff from the Noise Assesament 
Unit within the Environmental Approvals and Land Use 
Planning Branch. 

Where a development adjacent to a pit or quarry is 
proposed, in addition to noise,, vibration levels resulting 
from blasting operations will also be assessed. Other 
co'mmon sources ©■£ vibration impact and the status o^f the 
development of vibration criteria for these eources are 
discussed in Chapter 4. 

The process involved in the review of proposed nodse 
sensitive developments from: the noise aspect will be 
discussed in Chapter 14. 



CHAPTER 2 



PLANNIflG PROCESS IN ONTARIO 



1.0 THE RO'LE OF THE MINIS'TEY OF THE ENVIROMiEMT IN' TEE 
PLANNING PROCESS 

The MinietrY O'f the Environment makes comments and recom- 
mendations on land use planning matters related to its 
mandate^ which covers sound,, air quality, water quality 
and quantity, servicing (including water, sewage, and 
waste management),, and significant land use conflicts. 

This mandate Is derived from the Environmental Protection 
Act (EPA), the Ontario' Water Resources Act (O'WRA), the 
Environmental Assessment Act (EAA),, and the Pesticides 
Act. It is further clarified through MOE policies 
contained in the Manual of Environmental Policies and 
Guidelines . 

The Ministry of the Environment's involvement in Land Use 

Plan Review is part of the Ministry's preventative 
approach to protecting the environment. By ensuring that 
environmental problems are minimized at the earliest 
possible stage in a development proposal, the need for 
expensive abatement controls later on is avoided. 

Envlronm,ental land use planning has a number of 
advantages. Firsts it helps prevent pollution problems 
before they occur. Second, planning allows more options 

to be considered and the best possible solution to be 

chosen, before deciding on development details. Land use 
conflicts, therefore,, can be minimized or prevented. 
Third, it is a cheaper and more effective means of 

prevention than pO'llution control. If abatem.ent measures 
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are still required after planning, the amount and expense 
of the measures can be reduced. The benefits of land use 
planning bear directly on the Ministry of the 
Environment's responsibility for environment quality, and 
so, the municipal planning process is important to the 
Ministry. 



2.0 THE PLANNING PROCESS IN ONTARIO 

Information about the basic purpose of planning is 
contained in "An Introduction to Community Planning", 
available from the Ontario Government Bookstore. As well, 
a series of "Citizen's Guides" has been prepared by the 
Ministry of Municipal Affairs concerning land use planning 
in Ontario. In total, there are eight "guides" which can 
be obtained from the various Regional Offices of the 
Ministry of Municipal Affairs. 

Although elimination or control of the source of pollution 
is usually the primary objective, there are limits to what 
is practically and technologically possible. Due to the 
practical limits of control methods, planners share the 
responsibility of providing an acceptable level of 
environmental quality. 

2 . 1 Legislation 

The Ontario Planning Act is administered by the Minister 
of Municipal Affairs. Under the Act, the province's 
role is to administer municipal planning controls and 
perform approval functions required of the Minister of 
Municipal Affairs; to co-ordinate planning activities of 
municipalities; to look after broad provincial interests, 
such as the protection of farm land and natural resources; 
and to give direction and advice to municipalities on land 
use planning issues. 
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The Ontario Planning Act sets out the ground rules for 
land us© planning in Ontario', and establishes how land 
uses may be controlled,, and whO' may control then,. The Act 
provides the basis for consideration of provincial 
interests related to municipal land use planning,, such as 
the management of natural resources; local planning 
adm,inistration,, including planning bo^ards in northern 
Ontario,,- preparation of official policies and plans tO' 
guide future development; regulation and control of land 
use through zoning by-laws and minor variances; division 
O'f land intO' lots for sale or development by plan o^f sub- 
division; and the rights of Ontario citizens to be 
informed about planning proposals, to voice their views 
before the elected municipal council, and to appeal land 
use planning decisions to the Ontario Municipal Board. 

Section 4 of the Planning Act allows the Minister of 
Municipal Affairs tO' delegate any O'f his authority, except 
the authority tO' approve its O'Wn official plan and .amend- 
ments, tO' a municipal council. Once ■ delegation occurs, 
the municipality is responsible for all matters normally 
dealt with by the Minister, including the referral O'f any 
matter to the Ontario Municipal Board (O.M.B.). Only 
upper-tier municipalities are eligible to^ receive the 
authority to approve local official plans and amendments. 
.Any municipality or planning board is eligible to receive 
the authority to approve plans of subdivision and 
condominium. Delegation would include the authority to 
approve part lot control by-laws.. 

Legislation setting out the power and responsibilities of 

municipalities are as follows.: 
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;l,:, The Municipal Act. 

;1,*, The variO'Us acts eetabliehlng the regional munici- 
palities. 
1* The Ontario' Planning Act. 

Other legielation having a bearing on land use planning is 
p 1 ent i f ul . Examp 1 e s are: 

S* The Condominium Act 

1... The Environmental Protection Act 

3,, The Ontario Water Resources Act 

#,. The Environmental Assessment Act 

B',:: Beach Protection Act 

6'w Pits and Quarries Control Act 

'■f ,», Conservation Authorities Act 

§,. The Public Lands Act 

#,. The Land Drainage Act 

10. The Expropriation Act 

1 1 . The On t a r i o PI ann ing and Development Act 

12. The Parkway Belt Planning and Developraent Act 

13. The Niagara Escarpment Planning and Development Act 

Section 3 of the Planning Act enables the province to 

clarify provincial policies in matters affecting land use 
planning through the issuance of policy statements. The 

purpose of policy statements is to^ enable the province,, 
from, time to time, to set dO'Wn its objectives on matters 
of planning concern that apply beyond any one individual 
municipality. The statements should assist municipalities 
in understanding what specific provincial objectivee are^ 
and will form part of the framework within which munici- 
palities should plan. 
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Section 3 of the Planning Act requires that munici- 
palities, in carrying out their own, planning functions^ 
"'have regard to" these statements. At the same time the 
O.M.B'., provincial ministries and agencies are also 
required by the legislation tO' '"have regard tO'"' such 
statements in carrying out their varied responsibilities. 

Depending on the nature of the particular provincial 
concern, policy statements may be initiated by the 
Minister of Municipal Affairs alone, or jointly with other 

ministers whose responsibilities affect local planning. 
The Planning Act requires that before a policy statement 
is approved, the Minister confer with thO'Se w'ho are 
considered tO' have an interest in the matter, 

2 . 2 The Formulation and Approval of Official Plans 

An Official Plan Is a compreheneive statement containing 
objectives and po'licies established primarily to provide 
fO'r the physical development of a municipality or an area 
that is without municipal organization. M:ost plans 
comprise maps and a text. One of the maps is usually a 
land use plan showing where residential, industrial and 
agricultural uses are expected to locate. The tent 
outlines development policies pertaining tO' the land use 
designations on the map. The official plan must be 
reviewed by Council once every five years. 

Official Plans are approved by the Minister of Municipal 

Affairs or its delegated authority. The Official Plan 
provides the policy framewo'rk for zoning by-laws, plans of 
subdivision, consents to sever, minor variances^ and 
programs such as capital wO'rks . All lower-tier or local 
Official Plans must conform to the applicable upper-tier 
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plan, i.e. regional,, county, m.etropolitan or district 
municipality official plan. 

As background to its Official Plan, a municipality would 
normally do an inventory and analysis of the natural 
environment to help it determ,ine the ability of the 
planning area to support variO'Us land uses. In order to 
review and provide comments on land use planning matters, 
the Ministry of the Environment will require that adequate 
environmental Information is provided on the matter. 

As a guide, an Official Plan should contain a section on 
environmental policies. These policies should include 

general environmental quality and protection objectives 
policies based on the physical conditions (natural 
environment) of the planning area. In other sections of 
the O'fficial Plan, it is desirable that somewhat more 
specific environmental policies be incliided to indicate 
where the general environmental policies apply. For 
example, a section on transportation should include 
policies for the evaluation and control of noise. How- 
ever, the inclusion of noise policies in specific sections 
O'f the Official Plan may vary from municipality tO' munici- 
pality. 

The proposed Official Plan must be adopted by the 
municipal council before it can be submitted to the 
Minister of Municipal Affaire or the delegated authority 
for approval. Following submission, the Official Plan is 
circulated to other Ministries and agencies for their 
commente. The purpose of this circulation is to identify 
any conflicts with policies, programs and objectives of 
Provincial Ministries and agencies. 

Comments made by the Ministry of the Environment on the 
proposed Official Plan, in common with those made by other 
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ministries and agenciee are advisory only.. The decision 
as tO' whether or not the Official Plan is approved, as 
subm,itted o^r as modified, is made by the Mlinister of 

Municipal Affairs or the delegated authority. 
Modifications may be required or imposed by the Minister 
as a result of the advice received and, recommendations of 
the staff. The whole ^ or part,, O'f a proposed Official 
Plan may be referred by the Minister of Municipal Affairs 
to the O.M.B.,, for arbitration. Staff from different 
Ministries and agencies can be subpoenaed to appear as 
eKpert witnesses before the Ontario Municipal B'O'ard under 
the powers of the Ontario Municipal Board Act. Except 
where a matter has been declared of provincial interest by 
the Minister of Municipal Affairs, the O'.M.B'. has the 
final say in all community planning decisions in Ontario^ 
which have been referred to it. Where a planning matter 
has been designated by the Minister of Municipal Affairs 
tO' be of provincial interest,, the Ontario Cabinet reviews 
the matter, and may confirm, vary o^r reject the O.M,B.''s 
dec is ion, 

2 . 3 Amendments to the Official Plan 

O'fficial Plans are the basis for successive and more 
detailed steps in the municipal planning process. How- 
ever, due to the changing needs and priorities of certain 
municipalities, amendments to the Official Plan are o^ften 
necessary after approval of the Plan. Official Plan 
amendmente may make minor changes tO' the Official Plan,, o-r 
may propo.ee miajor policy changes. Once approved,. Official 
Plan amendments become part of the Official Plan. 

The approval process of the amendments to the Official 
Plan is the same as for the Official Plan. 
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2 . 4 Municipal Zoning By-Laws 

A zoning by-law is a precise document used by a munici- 
pality to regulate the use of land. While Official 

Plans set out the general^ long-range policy framework for 
future land use, zoning by-lawg put those plans into 

effect and provide for their day-to'-day administration. 

Unlike the Official Plan, the Zoning By-Law contains very 
specific and legally enforceable regulations. Any new 
development or construction that fails to comply with a 
municipality's by-law is not permitted and would be denied 
a building permit. 

Most municipalities have a comprehensive zoning by-law 
that divides the entire municipality intO' land use s,ones . 

A detailed map o^f these zones forms an important part O'f 
the written by-law. Within each zone, the by-law 
specifies the permitted uses {e.g. coLmmercial or 
residential) and the required standards (e.g. location and 
size of buildings). 

A nuiiber of specialized by-laws m,ay be used to control 

land use. Holding by-laws set out the future use of land 
or buildings but delay their development until,, for 

example^ local services such as sewers and water supplies 
are in place. Interim uses are usually specified. B^efore 
being able to use holding by-laws,, municipalities m_u.st 
have appropriate Official Plan holding policies in place. 
Interim co'ntrol by-laws are used tO' place a tempo'rary 
"freeze" on ce,rtain l,a,n,d uses while the m,unicipality is 
studying o^r reviewi,ng its land use policies. Such a 
freeze can be put in place for a year at a tim,e, to a 
m,a,ximum O'f twO' years only. Temporary use by-laws zone 
land or buildings fo^r a specific use for a m,a,Kimum of 
three years at a time, with further extensions possible. 
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Increased height and, demsity by-laws allow specific 

bonuses beyond the standards otherwise permitted, but 
apply only to developments that provide special facilities 
or services to the community at large, such as additional 

parkland or daycare facilities. Before being able to use 
these by-laws, municipalities must have appropriate 

Official Plan policies in place, authorizing increases in 
height or density. 

When a municipality decides tO' prepare a Eoning by-law, it 
must first make adequate information available tO' the 
public. Local councils must hold at least one public 
meeting to' allow citizens an opportunity to express their 

views before a decision is made. Notice of this meeting 
is given In advance, usually through local newspapers or 
by mail. Anyone present at the meeting has a right to 

address the proposal. 

The local council may also consult with interested 

agencies,, b"Oarde, authorities, or' commissions befO're 
making a decision. The Ministry of the Environment may 
provide assistance directly to the municipality with 

regard to portions O'f the by-law. When full consideration 
is given tO' all concerne,. council may decide to pass, 
change o^r reject the propo'Sed zoning by-law. If changes 
are made tO' the proposal, council must decide whether 
another public meeting is necessary. 

If a person's or agency's concerns cannot be resolved at 
the municipal level, an appeal may be made t'O the O.M.B.. 

A specified period of time from the date of the council 
decision is available to make your appeal. The O.M.B. 
will hold a public hearing at which an opportunity will be 

available tO' present the case. 
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The O.M.B. . can either allow or dismiss the appeal,, repeal 
O'C amend the by-law in any way it sees fit. The 0'..M'.B.'s 
decision is final, except when the Minister of Municipal 

Affaire declares a prO'Vincial interest in the by-law. In 

this case, the Ontario. Cabinet may confirm,, overturn or 
change the O' . M: , B . ' s dec is ion . 

2.4.1 Site Plan Control 

Site plan control by-laws are not zoning by-laws. They 
are used by municipalities to establish areas where site 
plan control will be applied to compleinent and refine 
local zoning. These areas must be described in each 
community's Official Plan. Site plan control is used to 
ensure that proposed developments are built and maintained 
as approved by local councils; set requirements for the 
quality and appearance of new developments; ensure safe 
and efficient access, for vehicle and pedestrians j ensure 
adequate provision of certain facilities, such as parking, 
landBcaping and site drainage; and protect adjacent 
properties from incompatible new development. 

2.5 Draft Plans of Subdivision 

Draft plane of subdivision are submitted by the 
applicants, who are usually the owners of the land to be 
subdivided, or their agents, to the Ministry of Municipal 
Affairs or a municipality which has been delegated the 
Minister's approval powers. Subdivision approval has now 
been delegated to all regional municipalities in Ontario. 
Prior approval by the local or area municipality in which 
the lands lie is not. mandato'ry. 

The Ministry of Municipal Affairs or the delegated 
authority circuLates draft pLans to those mlni-stries and 
agencies whose .advice is required in order to evaluate the 
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draft plan. The local or area municipality is included in 

this circulation. The draft subdivision plan will be 
reviewed for suitability; checked against the Official 
Plan and Zoning By-Laws; considered in light of 

topography J, road access, water availability^ sewage 
diBpoaal, flood control, effect or quality of subsurface 

water or nearby streams or lakes,, noise and other 
factors* 

As with proposed Official Plans and amendments, the 
Regional MOl offices act as co-ordinators of comments with 
regard to draft plans of subdivision. The details of the 

review process are discussed in Chapter 14. 

Draft approval amounts to a comm,itmant tO' go ahead with 
the subdivision, once all the conditions of draft approval 

have been met. Lots may be offered for sale after draft 
approval, but can be sold only after the plan of the sub- 
division has been registered. When all the conditions of 

the draft approval has been met, final approval is given 
and the plan of subdivision is registered in the 
provincial land titles or registry system. 

In most cases of approval of draft plans of subdivision, 
the develope'r may be required to enter into a Subdivision 
Agreement with the municipality to ensure that certain 

services, such as nodse control measures, sidewalks and 
roads, are provided after the plan has been registered. 
The Subdivision Agreement may be registered on the title 
of the property and legally binds future ©■'wners tO' Its 
eonditions. 

An individual O'T agency can request the Ministry of 
Municipal Affairs to refer any unresolved concerns to 
the O'.M.B. for' arbitration. 
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2 . 6 Biullding Permits 

It may happen that detailed noise control measures cannot 
be included in the Subdivision Agreement. One reason 
for this may be that no detailed plans or specifications 
are available for the residential (or commercial and 
office) buildings themselves. ■ In this case^ it is often 
possible to^ include a clause in the Subdivision Agreement 
which states that the developer/builder is required tO' 
have the acoustical consultant certify that the drawings 
comply with the building specifications (for noise) prior 
to the issuance of the building permit. The municipality 
is responsible for issuing a building permit and it is the 
applicant ''s formal permission to^ begin construction. 
Through the use of building permits, a municipality can 
regulate the types of conBtruction in the community and 
eneure that proper building standards are met. 

2 . 7 The Condoininium Act 

Condominiums are a form of property ownership in which 
title to a unit, such as individual apartment in a 
highrise building, is held by an individual together with 
the share O'f the rest of the property,, which is cO'mmon to 
all o€' the O'Wners. 

Condominiums can involve a new development, or an existing 
rental project which is converted to condominium, owner- 
ship. They can apply to any type of residential building 
as well as co^mmercial and industrial areas. Vacant lands, 
are not eligible. 

The condominium plan is like a plan of subdivision in that 
it is a way of dividing property. Similarly, the process 

fO'T condominium plan approval resembles a plan approval 

for subdivisions, and must be approved by the Minister of 
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Municipal Affairs or the delegated authority- However, 
condom in, ium,s may be built prior tO' final approval, bearing 
i:n mind the conditiona of draft approval. Condominiums 

are regietered after the buildings are constructed. 

CondoMinium convereions in a numb'er of municipal itiee are 
governed by Official Plan policiee dealing with the local 

rental vacancy rates, as well as other matters. Condo- 
minium conversions are approved by municipalities. 



CHAPTER 3 



ACOUSTICS 



1.0' NA'TKRE OF SOTO®' WA¥ES 

1 . 1 Description o^f S-ound 

If a parson claps his hands, o^r strikes a hammer or plays 
a viol, in, sound is produced. Sound is an auditory 
perception of a disturbance which travels O'r propagates in 
the form of waves similar to waves in water. 

For' the sound to travel or propagate the surface must be 
in contact with a material medium such as^ air,, water or a 
solid. Sound cannot propagate in vacuum. 

A familiar sight is waves travelling across the surface of 
water. The action of the water particles is simply tO' bob 
up and down like a cork and not tO' move with the wave,. 
In sound waves the particles of the medium simply 
oscillate to^ and, frO' in the direction of the wave, but 
again dO' not actually travel with the wave.. The energy in 
the wave is transferred to mo^re distant parts O'f the 
medium, by a "chain" reaction, 

1 .2 Sound Pressure 

* 
Consider a loudspeaker generating sound as shO'Wn in 
Figure 3.1, It do'es so by the to and fro motion of a 
diaphragm, which in turn t,r.ansmits this motion to the ,air 
adjacent to it. This results in small fluctuations in air 
pressure which, travel outwards. These fluctuations in 
pressure are picked up by the ear as sound. Note that 
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Figure 3.1. Generation of sound waves 
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this preBBure fluctuation due to sound is superimposed 
on the normally e3ciBting barometric preesure. The 
additional preBsure due to sound ie very sm,all compared 
with the norifial barometric pressure. 

This to and fro motion causeB alternate compression and 
expansion of the air. These pressure fluctuations are 

sensed by the ear as sound. 

1 . 3 Speed of Sound in Air 

Sound waves do not travel instantaneously. Their speed 

depends on the medium through which they travel. The 
speed of sound in air is related to atmospheric temper- 
ature, and at 20 °C the speed of sound in air is 
approximately 344' m/sec. 

Ex ample 

Although lightning and thunder are generated eimulta- 
neouBly during a thunderstorm, the obBerver first notices 

the lightning and only later hears the thunder. The delay 
is caused by the time needed for the sound to travel from. 
the thunder storm location to the observer.. (The light due 
to the lightning can be considered to travel the distance 
almost Instantaneously.) 

1 .4 Sound Power 

Sound power is a basic measure of the acoustic output of a 
noise source. The sound pressure produced by the source 
depends on many external factors such as distance and 

orientation of the receiver, the temperature and velocity 

gradients in the medium and the environment,. Sound power 
on the other hand is a fundamental physical property of 
the acoustic source alone and is, therefore,, an important 
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absolute parani,eter which is widely used for rating and 

c omp a r i ng sound sources . 

Sound power is expressed in "watts". 



2.0 FmEQurarcY, wavelength and spwm of sound 

2 . 1 Frequency 

Coneider the earlier eKample of the loudepeaker (refer to 

figure 3.1). When the diaphragm, of the loudspeaker 
movee. to and fro thie generates pressure fluctuations in 

the air adjacent to it in the form of eound waves. 

The number of times every second the air eKperiences these 

pulsatione or fluctuations is kno'wn, as the "frequency of 
the sound waves'". 

Obviously the frequency of the sound waves generated is 
the same as the frequency at which the diaphragm moves to 
and fro. 

The frequency of sound waves is expressed in "cycles per 

second". Cycles, in this case, refer to the pulsations 
of air due to sound waves. In noise control work a more 
commonly used unit is ''hertz"' (He). "Cycles per second" 

and "■hertz" are the same. 

Example 

If the loudspeaker diaphragm moves to and fro 125 times 
every second continuously, the frequency of sound waves 
thus generated will be 125 cycles per second or 125 Hz. 
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All sounds can be related in terme of freguencies. 
Generally mO'St of the every day sounds are a mixture of 
different frequenciee, and the hum.an ear is capable of 

detecting sounds in the appxoKlmate frequency range 15 Hz 
to IS.O'O'O' He (or 15 kHz). The ear's sensitivity is not 

uniforiii or "flat" over this range, the sensitivity 
reducing rapidly at the extremes O'f the frequency range. 
The sensitivity of the ear to frequency plays an important 
rO'le in the nodse control field, 

2.2 Wavelength 

The dietance between to successive waves is defined as the 
wavelength. When we talk about the wavelength of a 
sound wave, we refer to the distance between two 
successive points, where either the coiipression or the 
expansion ie maximum, (also' indicated on the diagram, 
figure 3.1). Wavelength is not usually directly meaeured 
but can be determined as shown, in the following section. 

Wavelength can be calculated from a knowledge of the 
frequency and the speed of the sound. It is given by the 
follow,i,ng relationship: 

wavelength = speed of sound/frequency (3.1) 

If the speed of sound is e,xpressed in metres per second,, 
and the frequency in Hertz, the wavelength, will be ,in 
metres. ** 

Example 

I,n air,, the speed of sound at 20 °C is 344 m/sec. 
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For a frequency of 100 Hz : 

wavelength in metres = 344/10'0^ = 3.44 m 

For a frequency of 500 Hz ; 

wavelength in metres = 344/50'0 = 0',688 m 

= 68.8 cm 

It is to be noted that the sound frequency increases as 
wavelength decreases. 

When measuring sound in the immediate vicinity of sound 
sources outdoors, a knowledge of wavelength helps in 
selecting the best m,easurement locations. The dietance 
between measurement location and the source should ideally 
be much larger than the wavelength corresponding tO' the 
frequency of interest. At the other extreme, high 
frequency sound (having a short wavelength) is not 
directly measurable when the diameter of the ra,icrophone 
exceeds the wavelength of the sound. The latter is an 
example of diffraction of sound, that ability of sound to 
"bend" around obstacles. The amount of this bending is 
again related to wavelength, bending increasing with wave- 
length. This subject is treated in Chapter 9. 

3.0 TYPES OF SOmm WAVES 

As explained in the previous sections,, sound travels in 
the form of waves. There are basically three types of 
sound waves : 

o Spherical 
o Cylindrical 
o Plane 
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The types of wave generated depends upon the sound sO'Urce. 
The sound waves from a loudspeaker at a distance of about 
15 m will be of the spherical type. On the other hand,, 

when we think of the noise from freely flowing traffic on 

a highway^ the noise comes from a very large number O'f 
(moving) point sources. It can be shown, that the sound 

from a whole string of point sources gives rise to waves 

which spread in a cylindrical fashion, the line or string 
of sources, being the axis of the cylinder. At very large 
distances from a source (very large in comparison to the 
size of source) spherical and cylindrical waves are very 
similar to^ plane waves and may be considered as such. 
EKamples of spherical and cylindrical waves are shown in 
Figure 3„2. 



4.0 LOOAmiTmilC SCM.E: DECIBELS 

4- 1 Range of Sound Pressure Values 

The ear can respond to an amazingly wide range of acoustic 
pressures. In everyday life we may encounter acoustic 
pressures such as generated by rustling leaves and the 
acoustic pressures O'f a ro^aring jet engine. The acoustic 
pressure of the latter example may be one million times 
that O'f the former. In between these two extremes lie all 
the familiar aounds of mo^dern life, e.g. traffic, bird 
songs,, conetruction, etc. 

While we have discussed acoustic pressure and the reeponse 
of the ear to it^ experience has shown that the square of 

the pressure is a fundamentally more useful quantity in 
assessing the magnitudes of sounds- The major reason for 
this is that the square of the pressure as measured at an 
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observer is related to the acoustic pO'Wer of the noise 
source. 

4.2 Decibel Definition 

Another reason for adopting '"pressure squared" term, is 
that this naturally leads to the use O'f the decibel 

scale O'f iieaeurem,ent ., The decibel scale is widely used in 
various branches of electronics and acoustics. The 
decibel scale is a power scale and gives a comparison 
between power related quantities. When quantities are 
compared using the decibel scale, the comparison is 
referred to as a Level,. 

Definition 

The Sound Power Level (PWL) or L^, O'f a noise source is 
defined ae: 

Lw - 10 log (W/W^,g,f) dl (3.2) 

where W is the acoustic power output of the source in 

watts, and W^-ef is the standard refjerence power of 

10"i2 watts. In all likelihood W will be greater than the 

very minute value chosen for Wj.,ef and so all sound 
power levels will be a positive number of dB^'s. 

Also, the square of the acO'UStic pressure is related to 

the acoustic power output so we may now define SPL^ or 

Lp, at some observer as: 

Lp = 10 log [PVP^efl dB (3.3) 

where, P is acoustic pressure of the sound waves, in 
m,icroPascals, juPa and Pp@£ is the standard reference 
pressure of 20 juPa. 
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4.3 Relationship Between SPL and PWL 

The PWL is a measure in decibels of the eound power output 
by a source. This eound power will radiate away from 
the source in all directions. Ae the sound waves travel 
away from the source the pressure fluctuations must 

decrease because the available sound power is being spread 
O'ver a larger area (see Figure 3., 2). 

A similar situation exists when a balloon is being blown, 
up. The bigger the balloon becomes the more the rubber is 
obliged to stretch and the thinner it becomes. The sound 
pressure fluctuations are "diminished" and reduced in a 
similar manner ae the available sound power is spread over 
a larger and larger surface area. The sound power output 
itself remains constant whatever the distance from the 
source. The sound preesure fluctuations decrease accord- 
ing to the area over which the available sound power has 
been spread. ' Thus the relationship between the sound 
pressure level, Lp,, and the sound power level, hyi, 
in most simple situations can be expressed as follows: 

Lp = hyi ' 10 log S (3.4) 

where, S is the total surface area in m^, over which the 
sound power is spread. We can now take this equation 
further for the two main types of source. 

4.3.1 Point Source 

A point source can be imagined as being a point suspended 
in air radiating sound equally in all directions. Let 

us consider an observer at a distance r from this point 
source of sound power W with no reflecting surfaces 
present. 
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First, S = 4I!r^ (i.e. the area of a sphere of radius r) . 
Let us also consider the effect of increasing r on the 
BO'Und pressure level. 

Let Lpi be the Sound Pressure Level at distance r^ 

and Lp2 be the Sound Pressure Level at distance r^ 

Then Lp;j_ = Lyi - 10 log [^rrri^] 

Lp2 = % - 10 lO'g [4TTr2^] 

Lp2 - Lpj_ = 10 log [^-nrt^ - ^'nr^^] 
Thus,, for a point source 

Lp2 - Lpi = 20' log {t^/t^} (3.5) 

From this equation it can be seen that if the distance 
from a point source is doubled,, the sound preesur© level 
is reduced by 6 dB , 

4.3.2 Line Source 

A line source can be imagined as an infinitely long line 
suspended in the air radiating sound equally in all 
radial directions. A similar procedure can be followed as 
for a point source to obtain the relationship between 
sound power level and sound pressure level for a line 
source. However, this involves integration techniques and 
will not be considered here. Only the effect of increas- 
ing r on sound pressure level will be considered. 

Again let 

Lp-ji be the sound pressure level at distance r^ 
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and Lp2 be the sound pressure level at distance r^- 
TTius, f'Or a line source 

%2 ' %1 = 10 1^'g l[ri/r,2] (3.6) 

From, this equation it can be Been that if the distance 
from, a line source is doubled the sound pressure level is 
reduced by 3 dB'. 

Ek ample 

A sound level of 65 dB^ was measured at a, distance of 10 m, 

from a line source.. The sound level at 30' m, is required,. 

Let Lp2 - 65 dB m,easured at r| - 10 m 
then from, equatiO'n 3.6 (for a line source) 
Lp2 - Lp]^ == 10 log (ri/rg) 

Lp2 - L^i = 10 log (10/30') 

= -4.8 d,B 



Lp2 = 65 = 4.8 
^ 60.2 dB 



4.4 Advantage of the Decibel Scale 

The decibel scale is commO'nly used in electronics and, 

acoustics ,for the measurement o,f power related 
quantities ., 

An adv,antag'e of the decibel scale is that the unwieldy 

numbers which result from using a linear pressure scale 
are replaced by a much smaller range. 
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Ano'ther feature of the scale is that for each and every 
tenfold increase in power, the SPL at an observer 
increases by 10 dB^. If we should increase the power 
output from, 10"^ ^ ^ .^o 10^" W or from, 1 W to 10 W we 
wo'uld,, in each case, get an increase of 10 dB ., Although 
the actual change or absolute change in power output in 
the two cases is quite different, we get the same change 
in decibels. This is actually of value because if we 
listened to these changes in level, apprO'Ximately the sam,e 
subjective response would be obtained - we would say that 
in each case the nodse had doubled in lou,dness .from, its 
.former value. That is, the increase in loudness appears 
the saitt,e. 

The sound pressure levels and sound power levels of 
variou,s types of common noisa sources are shown,, in 
Figures 3.3 and 3.4.,, 

4. 5 Weighting Networks 

It was pointed out, in Section, 2.0' that the ear's response 
to sound is not linear over the ,aud,ible frequency range 

(15 Hz - 15,0'00' He),. In addition,- the ear's response 

depends on the sound level. 

In order to satisfactorily describe human perceptio^n and 
response to sound, the sound is usually ,filtered ot' 
weighted across frequencies in a :m,anner analogous to 
spectral response characteristics of the ear. The weight- 
ing networks that are currently in use are shown in 
Figure 3.5. The weig,hting netwo^rk commonly fitted with 
SLMs used, for acoustic measurem,ents in land use technol,ogy 
is the ,A-weightin,g. The sound pressure level after being 
weighted, by the A-network is commonly referred, to^ as dBA. 
(If the sound pressure levels are taken, with linear 
response, the values are quoted in d,B,) 
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Figure 3.5. The internationally standardized welgiiting curves 

for sound level meters and recently suggested E and 
SI weighting 

4.6 Somi.d, Level Meter 

Sound preesure levels O'f common noise sources can be con- 
veniently measured with an instrument called a sound 
level meter,. Details of acoustic inBtrumentation are 
presented in Chapter 11. 

Briefly, a simple sound level meter measures the "linear 
sound pressure level''' in dl and the "'A-weighted sound 
pressure level" in dBA. It also uses two averaging time 
weighting characteristics; fast and slow. 

4.7 Adding Sound Pressure Levels in Decibels 



SPLs cannot be added rather they must be combined,. This 
is because when sounds from ,separate sources are received 
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simultaneO'Usly the ear responds to the sum o^f their 
individual power contributions and not to the sum of their 
pressures (or sound pres.Bure levels in dB) . Therefore, as 
we are usually given the SPL of each source in turn (in 
dB) , conversion to pressure squared terms must be done 
first. This involves finding the antilog of 1/10 of the 
SPL. Ten times the logarithm of the sum of such antilog 
terms gives the resultant SPL of the combined levels. In 
mathematical notations 

If sound pressure level due to Source 1 is Lp^ 
If sound pressure level due to Source 2 is Lp2 
If sound pressure level due tO' Source N is Lp^i. 

Then it can be shown that the resultant SPL, Lp^^ is; 

-PR ~ ^^ '^°'9 [antilog |[Lp-,_/10) + 

antilog [Lpj/lO'] + ... + antilog (Lpj^/10]] {3.7} 



This expression may be used tO' cO'mbine the SPLs due to two 
ox mO're sources, etc. 

4.7.1 Addition of Decibels - Noroograph Method 

The nomograph given in Figure 3.6 provides a quick, simple 
and practical method for combining pairs of decibels. The 

steps involved are outlined below: 

Step 1 : Take the difference in decibels between the twoi 
levels which are being added together. 

Step 2 : Enter this difference on the chart at the right 
hand side of the scale,, and loo'k up the corre- 
sponding number on the left hand side of the 

scale. 
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Figure 3.6. Nomograph for adding sound pressure levels in decibels 
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Step 3 : Add the number sO' obtained toi the higher sound 

level {louder sound of the two). 

Should more than two SPLe need to be combined,, then any 
two levels can be replaced in the summation by their equi- 

yalent found by the combination process. 

Ek ample 

Find the resultant of the following aound preasure levele 
60' dB, 54 dB and 65 dB. 

Consider first 60' dB and 54 dB . 

Step 1: the difference is 6 dl 

2 J from the chart the corresponding number is about 

1 dB 
3 : adding 1 to the higher S.PL we get 61 dB^ 

So the result of combining 60 dB and 54 dB is 61 dB. 

Consider now combdning 61 dB. {i.e. 60 dB and 54 dBJ and 
65 dB. 

Step 1: the difference is 4 dfi. 

2: from the chart the corresponding number is about 

1.5 dB 
3 : adding 1 . 5 dB to the higher we get 66 . S dB 

So the effective SP'L due to th© three individual SPLs is 
66.5 dB. or 67 dB after rounding. 

Should the sequence in which the SPLs are combined be 
changed^ the identical result would be obtained. 
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Note from the nomo'graph method: 

(a) two levels will not result in more than. 3 dl adjust- 
ment to the higher level; 

(b) when two levels are more than 10 dB. different, their 

resultant SPL is less than 0.5 dB. greater than the 

higher of the two' levele; and 

(c) very roughly, for quick calculations, you may use* 



difference between 
two levels, dB 


add to higher 
level, dB 


ii ,1 





i 


1 


t 


i i 


i 


1 ' 



which can be memorized and Interpolations! made by 
constructing a graph. 
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¥IBRATION COMSIDHIATION IN LAMD USE PLAI1«INC5 



1.0 IMmODIJCTION 

The present docum,©nt is loosely titled "Environiieiital 
Noise Assessment in Land Use Planning'", which implies only 
details dealing with sound will be discussed. However, 
vibration, is also designated as a contaminant by the 
Environmental Protection Act of Ontario. Vibration is now 
brought into the realm of land use planning to address the 
prevention of this cont.aminant impacting the environment. 

The fundamental building blocks (both mathematical and 
physical) O'f vibration are very much similar to^ that of 
sound even though the control measures are very different. 

A brief deiscription of the fundamentale of vibration and 
its behaviour will be presented along the same lines as 
that of sound in Chapter 3. A few of the important 
sources of vibration will be outlined. Available 
procedures for impact aseessment will also be presented. 



2.0 MATURE OF ¥IBRATION 

2. 1 General Description, 

Vibration is a temporal and spatial oscillation of 

particles described in terms of displacement, velocity 

or acceleration in a solid medium. Any moving disturbance 

produces vibration. Unlike sound, vibration requires the 

presence of solid medium for its existence, transmiseion 
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and perceptiO'ii. Analogously sound can also be called a,s 

audible vibrations of air. Some examples of vibrating 
sources are punch presses, a moving train and any rotating 
machinery. 

Vibration travels in the form, of waves from the source tO' 
the receiver just like sound,. Due to the characteristics 
of solid medium, vibration travels both as a longitudinal 
wave as well as a transverse w.ave, unlike sound, which 
propagates only as a longitudinal wave. One other major 
difference between vibration and sound is that eound 
pressure is a scalar quantity whereas vibration is a 
vector quantity , and hence the direction of the vi,bration 
vector is a required quantity when reporting the vibration 
results . 

2 ., 2 Physical Description of Vibration 

Vibration is usually generated by physical ,motiO'n such as 
heavy footsteps on, a long span floor o^r ro'tating 
machinery with a slight imb^alance. The reactive motion 
represents the physical meaeure of the v,ibration, excita- 
tion. ,Motion Is generally described in terms of displace- 
ment, velocity (rate of change of displacement) or 
acceleration (rate of change of velocity). Unlike sound 
where sound pressure is a meaningful single physical 
measure,, vibration can, be described in te,rm,s of any of the 
above three measures.. Each one of the three is a valid, 
measure depending on the specific vibration environment. 
The three measures are closely related to each other. 
Velocity is the time rate change of displacement and 
acceleration is the time rate change of velocity. The 
above relationshipe are graphically described in 
Figure 4,.l. The a,Kes in the figure are logarithm,ic . 
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Figure 4.1. The integration and double intigration of acceleration 

to obtain welO'City and displacement respectively. 

2 . 2 .. 1 Vibration Descriptor 

In theory^ it is irrelevant which of the three parameters, 
acceleration, velocity O'r displacement are cho^sen to 
measure vibration. If one plotted a narrow band frequency 
analysis of a vibration signal in terms O'f the three para- 
meters^ they would all show the same frequency componente 
but would have different average slopes as seen in 
Figure 4.1. It can also be seen that displacement 
measurements give low frequency components most weight and 
conversely acceleration meaeurements give more weight to^ 
the high frequency components. This leads to a practical 
consideration that can influence the choice of parameter. 
It is advantageous to select the parameter which gives the 
flattest frequency spectrum in o^rder to best utilize the 
dynamic range O'f the measuring instrumentation. 



The nature of mechanical systems is such that appreciable 
displacements only occur at low frequencies, therefore, 
displacement measurements are of limited value in the 
general study of mechanical vibrations. Displacement is 
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often used as an indicator of unbalance in rotating 
machine parts because relatively large dieplacements 

usually occur at the shaft rotation freguency,, which is 
the frequency of primary interest fo'r balancing purpO'Ses ., 

DisplacemBnt is also used to measure seismic vibration as 
they occur at low frequencies. 

¥elO'City meaeurements are widely used for vibration 
'"severity'" meaaurements. This is due to the fact that 
vibratory velocity is simply related to vibratory energy 
■and Is,, therefore, a measure of the destructive effect of 
vibration. A given velocity level also signifies constant 
stress for geometrically similar constructions vibrating 
in the same mode. 

Because acceleration measurements are weighted towards 

high frequency vibration components, this parameter i:» 
preferred where the frequency range of interest covers 
high frequencies. 

The details of the complete vibration instrumentation are 
given in Chapter 11. 

2.3 Logarithmic Scale: Decibels 

The variation in vibration values from the threshold of 
human perception to very high levels is not as 
pronounced as It is in sound. The usual range is of the 

order of 5 decades in the case of vibration, whereas sound 
levels can vary by about 12 to 13 decades. However, a 
similar logarithmic description is used in vibration 
measurements. The decibel description and definitions 

were given in Chapter 3 , 
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The vibration level L^ is defined as- 

Lv = 20 log i^rms^o)' dB (4.1) 

where V™,j^g ia the root-mean- square value of the 
vibration acceleration 

¥q is the appropriate reference value 
Generally, used reference value is^ 

¥,Q = lOpm/s'^- for acceleration 

2 . 4 Vibration. 'Propagation 

The propagation of eound wme described ueing eiraple 
spherical o^r cylindrical waves as related tO' point 
sources and line sources. Vibration also travels in the 
form of waves.. However^ propagation, of vibration is a 
complex phenomenon (even in land use assessment) depending 
on 1£h© source type, the solid medium through which vibra- 
tion is being transmitted and the coupling between the 
twO'.. The different vibration wave types travel at 
different w.ave speeds, from a single source tO' a single 
receiver,, complicating the issue further. Sound wave.s 
travel at a single speed in a given m.edium, (for example,, 
sound speed is 344 m./s in air at 20' °C) .. It is beyond the 
scope of this m.anual tO' discuss in detail the comple.Kitles 
O'f vibration propagation. Only a brief mention, has been 
m.ade to highlight the complex nature of this physical 
phenoiienon. . 

2 . 5 Coupling of Vibration to the Propagation Medium 

The importance O'f coupling will be highlighted by first, 
describing the phenoTOenon for' sound waves. 
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The main concern in land use planning is tO' aeeess sound 
propagation primarily through air. Once the recedver'e 
location is a few wavelengths away from the noise source, 
the propagation of sound can be basically deB.cribed in 
terms of plane, cylindrical and/or spherical waves as 
presented in Chapter 3. Terme like decay rate of 6 dl^ per 
doubling of distance or 3 dB^ per doubling of distance can 
be quite accurately applied. For example,, traffic noise 
from highways has most of the acoustic energy in SO^O' Hz 
frequency band. The wavelength in air at that frequency 
is around 0.7 m. At distances of 10 m or more the sound 
propagation can be simply interpreted in terms of 
cylindrical waves with a 3 dB decay rate for every 
doubling of distance. Such a simple description is not 
possible in vibration as the propagation characteristics 
are determ,ined by both the source,, the medium, of 
transmission and the coupLing between the two. A brief 
d.escr.iption. of the problem is given below. 

Propagating medium, for vibration is a m.ajor parameter of 
influence. Example of the medium .are; the foundation 
block of a punch press, ground 0'.f various .sodl cO'mbdna- 
tions from a train track to a single family dwelling, a .:. 
large rectangular plate connecting the floor of .a pl.ant tO' 
the machine, etc. Unlike a fluid medium (air or water), 
solid media can vibrate freely if set in motion. Such a 
motion is called, natural mode of vibration. An example 
would be a pendulum oscillating about its axis,. The 
natural or' ,free vibrations have certain preferred 
frequencies. A string fixed at both ends, for instance, 
would have natural frequencies fovr tr.an.sverse motion given 
by 

fn = nc/21, n - 1, 2, 3 (4.2) 
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where c = speed of the wave in the string 
1 = length of string 

It is seen from, equation (4.2) that there are an infinity 
of free modes of vibrations possible. Similarly each 
solid mediiim would have very many natural frequencies at 
which the medium can vibrate freely depending on its size,. 

shape, support conditions and material properties. 

A vibrating source would have many frequencies depending 
on the operating conditione. For example, a slightly 
unbalanced rotor would have unbalanced forces ejccited at 
frequeneies which are multiples of rotor RPM. If any of 
the frequencies excited by a vibrating source matches with 
any of the natural frequencies of the propagating medium,, 
resonance condition is on-set.. Under conditions of 
resonance the amplitude of excitation by the source is 
usually amplified (sometimes by factor as high as 10 to 
20') . The am,plif ication factor depends upon the elastic 
properties of the medium. In some instances amplified 
vibration, amplitude can be high enough, to cause structural 
fatigue. Usually under conditions of resonance the m,edium 
does not attenuate the vibration and hence the m,otiO'n can 
be tra,nsm,itted from the source to the receiver without 
reduction. Under non-resonance conditions the m,edium, 
would attenuate the vibration m,otion in addition to the 
reduction, due to wave spreading if applicable. It is seen 
that vibration prop^agation is com,plex, very much dependent 
on site specific conditions and careful field study is 
needed for proper evaluation. 



3.0 EVALUATION OF VIBRATIOII IMPACT 

Vibration, impact is usually evaluated In t,erm,s of hum,an 
response to building vibration. The first step is then 
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to prescribe the vibration limits that are acceptable In a 

building from, a human annoyance point of view. A numb^er 
of guideline documents relating to human responiee to 
building vibration has been publiehed (moiSt of them in 
draft form) to date. The majority of the documents 
address human response tO' continuous vibration. Impulse 
vibration impacts produced by sources such ae punch 
presses and infrequent events such as train passbys are 
not well understood. Several different approaches and 
suggested limits as well as only sketchy description of 
measurement procedure and instrumentation can be found in 
Btate-of-the-art documentation. Two such documents are 
listed in the B.lbliography „ 

The vibration levels from a given source are established 
either through prediction or through measurements at the 
sensitive receptor location. Prediction O'f vibration 
level from a source is usually not very accurate and is 
dependent on various parameters,, many of them, not easily 
obtainable fox la,nd use planning purposee . In most 
Instances the use of ,measurement procedu,res may be the 
only recourse in establishing the vibration level.e., 

If the sensitive location is within a building the levels 
can be directly compared to acceptable criteria and 
impacts can be evaluated. However, in land use com,pati- 
bility assessm,ent mea.eurement.s are usually conducted on 
the ground where a particular sensitive building is to be 
constructed. The relationship between the outside level 
and the expected level inside the propO'Sed building must 
be established. Unfortunately such, a ,relations,hip is 
another complicated phenomenon, depending on sodl 
conditions, building type ,and factors that control the 
coupling between the soil and the building. The building 
vibration lev,el can vary from, twice as large to smaller 
than, the outside level. It is seen that vibration assess- 
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ment is a complicated pro^cese depending on site specific 
conditions. 

Three co^mmon sO'Urces of vibration Impact and correeponding 
assessment pro'Cedurea are outlined below. It must be 
pointed out that the list is not exhaustive^ however, any 
vibration source can be analysed in Bim,ilar faehion as to 
their impact. The first two are examples of sources that 
produce vibrations that are impulsive in nature and the 
third one is an example of a source that generates 
cont inuous vibr at ion . 

3 . 1 Aseeesment of BLaatlng Vibration 

Blasting is used in quarrying and surface mining tO' 

fracture and separate various rock materials for easy 
handling and further processing. Excavation,, preparation 
of foundations and trenching of sewage and water lines or 
other service or transmission lines running under the 
surface O'f the ground alsO', from time to time,, requires 
the assistance of blasting. One of the unpleasant side 
effects O'f blasting is ground vibration. 

Ministry publication NPC-119 sets the limits for ground 
borne vibrations due to blastings. N'PC-119 has been 
revised and a draft guideline procedure to assess 
vibration was issued in 1985. The draft publication is 
listed in the B^ibliography . 

3 . 2 Assessment of Impulse Vibrations 

Impulse vibration can be caused by the operation of a 
number o^f industrial sources such as punch presses, 
stamping presses,, drop forges, etc.. 
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A new draft publication has been prepared by the Ministry 
to evaluate the impact of industrial sourceg. The draft 
publication is listed in the Bibliography. 

3 . 3 Assessment of Railway Vibration 

Available land for sensitive uses is becoming scarce in 
metropolitan areas. hs a result, more and more 
sensitive developiients are being built close to major 

train tracks,, and accurate impact assessment O'f new 
sensitive land uses beside railway lines is required. 

The Impact of ground-borne vibration due to railway opera- 
tion is yet to^ be defined and hence a pO'Sition paper 

address ing all the aspects ©■£ vibration impact is 
required. The staff o^f the Ministry O'f the Environment 

are wo^rking on the various details at the present time. 
The position paper would be formulated along the following 
1 ines . 

3.3. 1 Draft Railway Vibration Assessment Procedure 

The procedure deals with the assessment and m,itigation of 
the impact of ground-bo'rne vibration from train passbys 
in the case of sensitive developments that are to be built 
next to railway lines. The guidelines of the draft 
procedure are presented in this brief summary, 

3.-3.1.1 Red -'Flagging 

The red- flagging pr'Ocedure is used when a sensitive 
development may be Impacted by train vibrations. A 
proposed development is red-flagged if: (a) it is within 
40 m of the right-of-way of a railway line and (b) if the 
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railway line is a principal main line, a principal branch 

line or a secondary main line. 

If a development is red-flagged, then the developer must 
prepare a train vibration assessment repo:rt. 

3 ., 3 ,1.2 The Train Vibration Study 

(a) The instrumentation used for the study must be 
capable of measuring and analysing vibration velocity 

or ground acceleration caused by the trains. 

(b) The measurem_,©nt procedure requires the measurement ©£ 

outdoor ground vibration through suitable {and 
acceptable) m,ounting means. The measurement location 
would be along the line of the closest building 
structure to the railway track. Measurement at 
preset locatiO'ns must be used. Ground vibrations 
from a preset numb^er of train passbys under normal 
operating conditions including at least a few freight 
trains must be measured. 

(c) The reco:mmended vibration criterion level is 6 dl' 
below the attached ISO' (International Standards 
Org an i Eat ion) curve (see Figure 4.2). The maximum 

RMS level out o^f the five measurements is to be 
compared with the recoroMended criterion. 

(d) If the measured level exceeds the criterion,, then 
control measures should be investigated and addressed 
in the report . 

(e) The report should include a description of the site, 
instrumentation system used, calibration procedure, 
measurement locations, train traffic information, 

data on the measured trains, a comparison of the 
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measured maximum level with the reco^ifimended criterion 
and proposed control measures. 

3 . 3 . 1 » 3 Mitigation Measures 

If the outside meaeured vibration level exceeds acceptable 
criteria, mitigation measures are required. Three 
alternate measures are available at this atage., One or 
more may help to resolve or minimize the vibration 

problem: 

(a) Dd stance setbacic 

(b) Isolation techniquee; isolation could be applied 

either to the building or to the ground; building 
isolation should be designed in consultation with the 
architect and the structural engineer. 

(c) Warning clause 

* Note ; It must be pointed out that the procedure 

described in Section 3.3.1 is not the policy but a 
draft outline on which the details would be 
formulated. 
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Figure 4.2 ISO threshold of perception for continuous vibrations 
(measured in 1/3 octave bands) 
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OHAPTER 5 



ANALYSIS OF COIMDNITY NOISE 



1.0 INIRODUCTION 

The assessment O'f nodse impact o^f propo'e#d projects ox 
actions nec'eseitates the acquisition of a numb'er of 
critical pieces O'f information. The different pieces of 
information are used in judgements and decieions regarding 
associated cO'Sts vereus benefit, the degree of noise 
control desired and the feaBibility of noise mitigating 
techniques. In the field of community noise analysis the 
required information is usually centred around the 
physical attributes of sound. 

The main objective of noise analysis is to relate the 

phyeical attributes of the noise environment to measures 
of human response O'r criteria of acceptability.. Many of 
the physical attributes and measures O'f sound were out- 
lined in a previous chapter. The useful relationships 
between the physical exposure and no'ise iropact are usually 
obtained by measurements, computation and by the use O'f 
various nodse descriptors. h noise descriptor is a 
physically measurable quantity such as Sound Pressure 
Level in dl^ and the descriptor is used to scale the impact 
numerically. 

The community nodse impact can be described by a variety 
of descriptors. One such descriptO'r is presented in this 
chapter. The rationale for choosing the descriptor^ the 
definition of the descriptor and its applications are alsO' 
presented. 
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2.0 THE TIME ¥ARYIMG NATURE OF COmiUNITY NOISE 

Many community noiee sources do not produce noiee of a 
steady nature. Noiee sources such as traffic, construc- 
tion sites and radios produce noise levels which are time- 

■^arying, often In a very wide range. The fluctuating 
nature of the cO',nimunity noiee is evident in a continuous 
record of the sound level as illustrated in Figure 5.1,. 
The figure represents a time history, i.e. the sound 

levels are recorded as a function of tim,e. 

In any typical community, the lower noise levels will be 
present for a major portion of the time and will consist 
of natural sounds such as leaves rustling, flowing water, 
bird or animal noises. These noises are often 
accompanied, or perhaps dominated, by distant traffic 
noise or steady industrial noise. The next higher noise- 
levels will be present for a shorter duration and be 
generated by such sources as nearby highways and industry. 
Increasing again in level, and decreasing in duration, 
local traffic would contribute next to the sound pattern. 
Trucks and trains would have higher levels but are present 
only for ehort periods of time. Sources generating even 
higher levels are children shouting, dogs barking and even 
thunder, all of which are fortunately only present for 
very short periods of time. It is, of course, difficult 
to generalize the sound level variation with time in a 
community, but it can be judged from the example given 
that, as the sound level increases, then it is present for 
shorter periods of time. This trade-off relationship 
between level and time duration is generally typical of 
most community noise situations. 
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Figure 5.1. Representative graphic time history o^f sO'Umd level as sampled in 
an urban area. Dashed line represents equivalent energy concept. 
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2 .1 Range Q^f Variation in Community __ Noise Levels 

To give some idea of the pO'SSible variation of community 
noise levels with time consider the two extreme 

aitiiations; in the first case the community is located 
adjacent tO' a buey freeway and at all times the nodse 
clim_ate is dominated by the free flowing traffic. Typical 
variation in the community noise level is 10 to 20' dB'. 

At the other extreme,, consider the situation of a small 
conmiunity situated close to railway tracke . At night with 

no train passbys the noise level in the co^mmunity may be 
very low, typically 25 to 30' dBA in quiet surround ings . 
However, as a train passes by the noise levels could 
increase up to 90 dBA. This gives a sound level range of 
some 60' dBA. Specialized instrumentation may be required 
if acoustic measurements are to be conducted. 

2 . 2 The Limitations O'f the Sound Level Meter fO'r 
'Community Noise Measurement 

It was pointed out earlier that community noise levels 
vary from lO' to '60 dB between quiet and noisy periods, 
depending on the type of noise source. A simple sound 
level meter is usually no^t sufficient to measure such 

unsteady noises. If a sound level meter needle shows a 
range of deflections greater than 3 dB,, then a single, 
eyeball -average sound level will not accurately reflect 
the noise environment. Many community noise situations 

will produce deflection ranges greater than 3 dl^, making 
the simple sound level meter unsuitable for co'mmunity 
nO' i s e me asur ement . 

A further problem may occur because mo^st early sound level 

meters can only measure sound levels that have a range of 
10 to 15 dB. Even though a sound level meter may be 
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suitable for community noise analysis its limited scale 
range does restrict the use of the instrument. 

2 . 3 Using a Sound Level Meter to Obtain, a Series of 
Community Nod Be Measurements 

The simple sound level meter can be used for the assess- 
ment of non-steady community noise by taking single 
sound level measurements at certain regular intervals 
(say lO'^ 20' or' 30 seconds) over a specified measurement 

duration. Assume that a sound level meter was used close 

to a busy highway, where the variation is only 10 to 

20 dB'. Nodse level readings were taken at exactly 

10 second intervals for 10 minutes, resulting in 60 single 

sound level measurements . The results were rounded O'ff to^ 
the nearest A-weighted decibel and entered IntO' the 
following chart in Figure 5.2, each box representing one 
sound level reading. 

The chart provides a useful picture of the whole variation 

o^f the noise level over the ten m,inute period. The noise 
level never fell below 65 dlA. The noise level was steady 
for a long time at 70 dBA, this level probably being 
associated with individual car passbys. 



(NOTE: each box represents 
one event) 
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Figure 5.2. Typical histogram of sound level 

measurements 'adjacent to a freeway 
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A second peak occurred at a sound level of 75 dBA whlcli 
probably re'presents individual truck pas.sbys, which wouldl 

be lesB frequent than the cars,, but at a higher noise 
level. The maximum sound level reco'rded was 78 dBA. Thus 
the chart provided a useful picture of the noise variation 
over the 10 minute period. Such a chart is known as a 
histogram, and is a diagrammatic representation of the 
statistical distribution of the sound variation during 
Specified, time period. 



3.0 STATISTICM, SOUMD LE¥ELS 

Although time hietories such as the one sho'wn, in 
Figure 5.1 are quite illuetrative, a moxe convenient way 
tO' describe fluctuating environmental noise is to adopt a 
purely statistical approach that takes into consideration 
the total time or proportion of time the sound of interest 
is present at various specific levels. 

The time varying sound, level data can be represented in 

the form of a histogram (a sample is shown in Figure 5.2) 
or a cumulative distribution curve, each of which denotes 
levels of noise which are exceeded for given percentages 
of the time over given periods of observation,, or, 
conversely, the proportion of time certain noise levels, 
are exceeded. The relevant statistic is generally 
expressed, as a noise level, L^, which is eKceeded for N 
percent of the time. An example of a statistical distri- 
bution of time-varying urban noise is concisely 
Illustrated in Figure 5.3. 
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Figure 5.3. Generation of cumulative distribution plot from 
statislicai distribution plot. 
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4.0 DEFIMITIONS AND USE OF %, Lj^qq, Lgg, L50, Liq 
and Lq 

We 'have just seen that, a cumulative distribution is a plO't 
O'f the percentage of tirtiB for which certain sound le'vela 
were exceeded. In order to ejctract useful, information 
from the plot, very often the reverse question "What level 
was exceeded for a certain percentage of the time?" is 
presented. For instance, it may be required to know what 
level was exceeded for 10%, of the time? Looking at the 
plot on statistical distribution paper,, we see that the 
level exceeded for 10'% of the time was 82 dBA. Such 
levels are often known as L-^ values, Lj^| being defined 
as follows: 

■-* L,|| is the level exceeded for N%, of the time. 

CO'mmon L|| values used are as follows: 

Lioo* the level exceeded for 100% of the time or the 

lowest noise level., 

■~ L90- "the level exceeded, for 90% of the time or an, 
indicator of the '"ambient" noise level. 

L50 : the level exceeded f o^r .50% of the time or the 

'"'m.edlum"' noise level. 

Lj^Q, : the level e,xceeded for 10%, of the time^ 

me.asures the "average level o,f int.rusive"' 
nO'iees . 

Lq : the level exceeded for 0% of the ti,me o^r the 
'"high,e,st" noise level (alsO' kno^wn as LjyjaY) . 

By convention Lgg, Lso^ ^'^^ ^1,0 '^^® used in, co^mmon 
practice tO' represent approximate measures O'f background. 
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median and intensive noise levels respectively. These 
iBtatistical values fO'rm the basis of many environrnental 
noise rating methods, 

4.1 Derivations of Percentile Levels from Cumulative 

Distribution Graph 

The percentile levels can be obtained from the cumulative 
dietribution plot. Specific values of sijc most common 
descriptors taken from the graph in Figure 5,3 are: 
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5-0 CONCEPT OF Hffi 1QIJIVM.ENT ENERGY CONTIMCTOUS LEVELS 

For many years acoustic iane 'have searched for a mathod of 
describing time varying sounds by a single number rather 
than by the entire cumulative distribution or certain L-^ 
values obtained from such a distribution. 

In order tO' assess time-varying noieee, the unsteady sound 
level (still measured in dBA) could be averaged in some 
way to provide a steady level which would be "equivalent" 
to the original varying sound. Considerable research has 
been done to determine how this averaging should be 
perforitted. 

Simple averaging of the tim,e-varying preSrSure oi the sound 
is not a good method of assessing the annoyance of 
uneteady, intrusive value. This method tends to under- 
estimate the annoyance value. It has been found that if 
the energy (which is proportional to the square of the 
pressure) of a time- varying sound is averaged, then the 
resulting equivalent energy continuous levelm. Leg,, has 
good correlation with the annoyance of that sound, 

for the purpose of certain environiiental noise controls,, 

the community noise descriptor. Leg, has been selected . 

The adoption of Leg does not necessarily preclude the use 
of other descriptors. 

5.1 The Definition of Leg 

The equivalent energy level ie that constant sound level 

which has the same energy as a time-varying noise level 
for a specified time duration. In order to understand 

fully the concept of Leg it is also necessary to consider 
the mathematical definition.. 
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Leg = 10 log (1/T) J [Pa' ( t )/Po'' ] dt, dBA 



Where Pq = the standard reference pressure 

PaC'^) ~ "the A-weighted time varying pressure 

T = the measured duration (5.1) 

Example ; 

The noise from a certain machine was measured fox' a one 
hour period. The sound levels and the respective time 
durations were as follows; 

78 dBA for 30 minutes 
81 dBA for 20 minutes 
83 dBA for 10 minutes 

(NOTE: the total time of measurement is 60 minutes.) 

Calculate the Leg value for one hour. 

First the sound level relationship must be applied to find 
the pressure squared ratio for each time period. 

La = 10 log [Pa/Po]' 

[Pa/Po)' "^ antilo^g [La/IO'J 

Thus to determine the pressure squared ratio, each sound 
level must be divided by ten and antilO'g is obtained as 

follows : 

78 •i' 10 gives 7.8, antilog of 7.8 is 6.3 x 10' for 
30 minutes. 
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81 ^ 10 is 8.1, antilog of 8.1 is 1.25 x 10'^^ for 
20' minutes. 

83 T 10 is 8.3, antilog of 8.3 is 2.0 x lO^^' for 

10 minutes. 

Now, the equation (5.1) can be used tO' integrate these 
levels over a 60' minute period. 

Leg = 10 log (1/60) [6.3 x lO"'' x 30+ 1.25 x 10^ x 20 + 

2.0 X 10® X 10] 

= 10 log (1/60) [189 x 10^ + 25 x lO^ + 20 x lO^ ] 

= 10 lo^g [63.9 X 10'«]/60 

= 10 log [1.06 X 10^] 

= 10 X 8.03 

= 80 ..3 

Leg = 80 dBA for one hour 

It is interesting tO' consider the Leg derivation for 
constant sO'Und level. In this case the averaging process 
(integration O'Ver time T and division by time T) is 
unnecessary as the average of a constant is that constant. 
Thus fox a constant sound level the equation reduces tO' 
exactly the same eguation as the definition of dBA, that 
is for a steady sound i 

Leg = L^, = 10 log [Pa/Pq] '' (5.2) 

Thus for a steady sound the Leg value will be the same as 
the SPL value. 
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6.0 TRADE -OFF RELATIONSHIP OF TIME ¥ERSUS SO'UMD LEVEL 

Leg measurement is always performed for a particular time 
duration. It is necessary to state the tim.e period for 
the measurement along with the Leg. If there are two 

noise sources which are "on" for different time durations, 
two sources canno^t be directly compared by their 
respective Leg values. One of the Leg values must first 
be corrected to^ the same time duration as the other source 
to allow direct comparison of levels. TO' be able to do 
this a trade-o^ff relationship between sound level and time 
is used. 

The trade-o^ff relationship can easily be derived from the 
mathem,atical definition of Leg given in eguation 5.1. Let 

a noise source produce a certain Leg| with a correspO'nding 
pressure Pegj for a time T'j . Consider the effect of 
taking an Leg measurement over a longer time Tg . Let the 
value of Leg obtained from this longer test be Legg then: 

Tt 
Leqg = 10 log [l/T^]! J [Feqi/PQ,]' dt, dBA (5.3) 

o 

The pressure Pegi need only be integrated over time Tj as 
it is "off" fO'r the rest O'f the time under consideration. 

Legg = 10 log [T^/T^] [Feq./F^]'^ 

= 10^ log [Ti/T,]| + 10 log |[Pegi/Po]2 

= 10 log [T^/T,] + Legi 

= Leqi - 10 log [Tg/Tj], dBA (5.4) 

This relation shows that an Leg value for a certain time 
duration will always be decreased when the time is 
lengthened. 
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The trade-off relation must always be used with care. 
Bi©fore it is used^ it is necessary to understand the 
co.rrect method Ovf extending the result of an Leg measure- 
ment to a longer duration. Two situations exist. First, 
if a short representative sample is taken of a noise 
source, the Leg value obtained will apply foT as long as 
the source is "on" . For times longer than for which the 
machine is "on", that is time which includes periods when 
the m,achine is "off", then the trading relationship must 
be used. The time during which the source is "off" will 
reduce the resultant Leg. 

6 . 1 Example of Transf orm,ing Measured Leg Values to a 
Different Time Duration 

This transform.ation can be illustrated through the 
following example: 

Example : 

A representative sample of noise was taken for 5 minutes, 
and the Leg value of 69 dBA calculated. By observation it 
was found that the source in question was "on"' for a total 
of six hO'urs between 0'7:0'0' and 19:00'. Calculate the 
Leg for the day time period (07:: 00 to 19:00 hours). 

Leg for 5 minutes = 69 dBA 
Leg for 6 hours = 69 dBA 
(machine is "on" for 6 hours) 

The Leg for 12 hours (07:00 to 19:00) is reguired ,.% Tj = 

6 hours, Tg = 12 hours. 
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Leg = 69 - 10 log (12/6) [refer to equation (5.4)] 

= 69 - 10' X log 2 
' = 69 - 10 X 0.3 
= 69 - 3 

- 66 dBA for 12 ho^ure 

It ehould be noted that if the duration is doubled 

then 3 dBA is subtracted from the measured Leg to 

give the measured Leg value f'Or the longer time dura- 
tion. 

Also' note that Leg values for 5 minutes and 6 hours 

are the same since the 5 minute sample was a repre- 
sentative sample of the noise. 



7.0 llffi TIBC DUmATIQN IN COMONITY MQISE MiM,YSIS 

When taking community noise measurements,, it is very 

important to obtain a representative^ sample. Consider 
the situation of an industry producing fairly continuous 

mid-level noise and O'ccasionally perfo'rming a venting 
operation which produces a higher level fox a shoxt period 
of time. In this cas^e,, a time period must be used which 
contains both noise situations, and further^ does not 
place unequal weight on either situation. To ensure that 
a representative sample has,,, in fact, been taken, a 
considerable time period m,ay have tO' be analysed. In some 
cases up to several hours or the entire day, evening o^r 
night period are monitored on the site and the results 
analysed . 

7 .. 1 Ministry O'f the Environment Guidelines 

The Ministry uses two sets of procedures to analyze 
community noise which are outlined below. 
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7.1.1 For most land use applications the time duration 

is divided into^ day/night periode. The daytime 
is 16 hours in duration from 07:00 hours to 
23:00 hours. The nighttim,e Is the eight-hour 
period from 23:00 hours to 07:00 hours. The Leg 
ie required for the 16-hour and eight-hour 
periods. The detail e of the procedures will be 
described in subeeguent chapters- 

7.1.2 For land use application where the noise source 
is aircraft flyover noise, the Ministry 
procedures use noise contours determined, using 
the entire 24-hour period. 

For the three different time periods described above j,. the 
sound level evaluation either by prediction or by measure- 
ments can be limited to a representative one-hour time 
period if the output from the noise source does not vary 

considerably. Examples of such Bources are road traffic, 
an industry with repetitive processes,, etc. 

In summary^ one hour Leg analysis will be adeguate in most 

instances as the repreiSentative value in each of the three 
different time periods used by the Ministry. 
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SOUND LE¥EL LIMITS 



1.0 TOE NEED FOR SOUND LEVEL LIMITS 

High nodse levels can have adverse effects on liuman beings 
thro'ugh speech^ activity, comfort,, sleep interference^ 
etc. It ie essential then to establish sound level 
limits. A set o^f sound level limits are required for twO' 
basic reasons: first to decide whether a particular noise 
environiient is excessive and, second, as an objective for 
the design of noise control measures when sound levels are 
found to be excessive. 

The stages in setting up sound level limits follow fairly 

naturally from these two requirements. First, the various 
human activities in their appropriate locales (residence, 
motel, office, etc) must be listed; second, the time and 
place of such activities should be determined; third, the 
noise level descripto^rs {such as Leg, Lj , Ljo, , etc.) most 
applicable to the particular activity interference should 
be determined; and, finally, a number assigned to the 
descriptor(s) to act as the dividing line between 
acceptable and unacceptable noise noise environments and 
also as a target fo^r noise abatement. 

A summary of human activities on residential property is 

given in Table 6,1. 
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Hctiuity 


Time 


Place 


Gardening 


day and evening 


outdoors 


Relaxing 


day and evening 


outdoors and indoors, 


(listening to music, 

watching T.V., etc.) 




living room 


Studying 


weekends, evening 


indoors, living room 


II 
ii 


weekdays 




Cooking 


prior to any mealtime 
day and evening 


indoors, kitchen 


Sleeping 


night (and day) 


indoors, bedroom 


Conversation 


day and evening 


indoors and outdoors 


(including telephone| 






\ 


'[ 





Table 6.1. Summary of activitiis on residential property 



In addition to these actlvitiee, certain other factors 
need, consider at ion. Annoyance is one example O'f this. 
Even though a person is doing nothing in particular, a 
noise could well be annoying, irritating or unbearable, in 
spite of the fact the nodse did not disturb any particular 
activity. Hearing lo^ss may also be a consideration. 
There is some supp-ort for the theory that even common 
everyday sound sources such as vacuum cleaners,, radios or 
lO'Cal traffic can contribute to hearing lose. What was 
thought tO' be an age- induced hearing loss could well be a 
loss due tO' continuous exposure tO' moderate sound levels. 
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The choice of noise descriptore fo^r rating particular 
noises is an area of continuing discusBion in the 
acoustical co:nimunity. Many such descriptO're exist and the 
choice of which is the best for all noise sources is not 

settled. SociolO'gical surveys, jury testing and other 
research methods have^. however, provided valuable infO'Cma- 
tion on the relative merits of certain noise descriptors, 
making po'seible the selection of a few descriptors to 
cover most situations. One significant exception to this 
is aircraft nO'iae, where an individual descriptor and 
rating system has been set up. Sound level limits for 
aircraft nodse are covered in Chapter 14. 

The leading descriptor used by the Ministry of the 

Environment in its sound level lim,its is the equivalent 

energy continuous level (Leg) , called equivalent sound 
level for short. 



2.0 SOOTTO :LE¥EL. LIMITS 

The Ministry of the Environment has adopted a set of sound 
level limits depending on type O'f noise source which are 
contained in a series of technical publieatione attached 
to the M:odel Municipal Noise Control, By-Law published by 
the Ministry of the Environment. The sound level limits 
for community noise is presented in the publication 
NPC-131, "Guidelines for Noise Control in Land Use 
Planning"' contained in the Model Municipal Nodse Control 
By-Law. 

2 . 1 Indoor Sound Level Lim.lte 

The equivalent energy continuous sound level (Leg) limits 
and the applicable time periods for the indicated types 
of indo'or space are given in Table 6.2. The adjustments 
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to the limits, if necessary, are given in the next 
paragr^aph. These are the minimum requirements and apply 
in all cases- 

Wh,en the predominant sound has a pronounced tonal quality 
such as a whine screech, hiss, or hum or contains 
pronounced narrow bands of sound energy, as measured by an 
instrument, then 5 dlA should be deducted from the sound 
level limits indicated in Table 6.2. 

2 .2 Outdoor Sound Level Limits 

2.2.1 Table 6.3 gives the sound level limits for the 
equivalent sound level (Leg) for outdoor living 

areas, where the Leg is referenced to the entire 
16 ho^ur period from 07::0'0 to 23:0'0 hours. 

2.2.2 Table 6.4 gives sound level limits for the eguiva- 
lent sound level (Leg) for outdoor areas in the 
vicinity of buildings containing sleeping quarters, 
where the Leg is referenced to the entire 8 hour 
period from 23:00 to 7:00 hours. 

Compliance with the above outdoor sound level limits 
should generally ensure compliance with the appropriate 
re^quirements of Table 6.2 for the same time period for any 
normal building construction with open windows. Where 
requirements of Table 6.4 cannot be met, special 
architectural design or construction features will have to 
be incorporated into the building construction to ensure 
compliance with the appropriate requirements of Table 6.2 
fox the same time period. 
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Type of space 


Equiyailent so'Und leuel 

aeqldBH 


Bedrooms, sleaiping quartBrs, hospitals, 
etc. (time period 23:00-07:00 hours) 


40 


Livingrooms, hotels, motels, etc. 
(time period 07:00-23:00 hours) 


45 


Individual or semi^private offices, 
small conference roomis, reading j 
roomis, classrooms, etc. 
(time period 07:00-23:00 hours) 


45 


General offices, reception areas, retail 

shops and stores,, etc. 

(time period 07:00-23:00 hours) 


50 i 



Table 6.2. Indoor sound level limits 
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Sound descriptor for 
the entire period 


Sound leuel limit 
dBR 


Leq 


55 



Table 6.3. Sound level limits for outdoor living areas 

(07"00-23:00 ihours)(a minimum! area of 56 m^' ) 



Soyiid descriptor for 
the eiitire period 



^ 



Soynd leyel limit 
dBR 



50 



Table 6.4, Sound level limits for outside bedroom windows 
(23:00-07:00 hours) 

3.0 APPLYING SOTO© LEVEL OUIDILIIIES TO RESIDraiTIAL LAlffl 
USE DEVELOPM^TS 



Table 6,5 allows for the deterni,lnatlon ©■£ the s'ubjecti*ve 
or apparent loudness of the traffic noise on the site, the 
extent of the noise problem and the neGessity for noise 
control measures. The table should be used in conjunction 
with the sound level limits discussed in Section 6.2 



Excess above recommenciecl 
sound leva! limits (dBA) 


Change in subjective 
loudness above 


lyiagnityde of the 

noise pfoblem 


Moise control measures 
(or action to be taken) 


No excess 




No expected 
noise problem 


None 


1 to 5 inclusive 


Noticeabiy louder 

j 


1 

Slight noise 
problem 


if no physical measures 
are taken, then 
prospective purchasers 

or tenants should be 
made aware by 
suitable warning 
clauses. 


6 to 10 inclusive 


Almost twice as loud 


Definite 
noise problem 


Recommended 


11 to 15 inclusive 


Almost three times 
as loud 


Serious 
noise problem 


Strongly recommended 


16 and over 


Almost four times 
as loud 


Very serious 
noise problem 


Stronly recommiended 
(may be mandatory) 



Note: When the excess is more than 5 dBA, the recommended control measures must reduce the sound 
level to the sound level limit and not with a 5 dBA tolerance (for example outdoor level during daytime, 
must be reduced to 55 dBA and not 60 dBA). 



(T. 



Table 6.5. Applying recommended sound level limits to residential land use developments 
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raANSPORTATION NOISE PREDICTION 



1 . INTIODIJCTION 

111 the field of acdustlcs and land use planning, pre- 
diction methods are ■used primarily tO' determine the noise 
impact from various transportation noise sources such as 
roads ^ railways and aircraft operations. 

There is a number of reasons for the eKtensive use O'f 
prediction methods in nowise impact assessment. Firsts it 

allows persons who do not have measurement capabilitiea tO' 
obtain an indication of the node© levels on a particular 
site. Second, it allows the nodse levels on a site tO' be 
determ,ined when the constraints O'f time, money ^ distance,, 
weather and instrumentation dO' not permit on-site measure- 
ment e . The use O'f prediction method,s also allow the 
evaluation o^f changee in the traneportation facility noise 
source. For ©Kample, the effect of a future increase in 
the volume of traffic on a particular rO'sd can easily be 
calculated. 'The prediction methods also allow the effec- 
tiveness of some noise control, measures to be evaluated 
particularly the eiffect O'f increasing the distance between 
the nodee source and the receiver.. 

This section will describe the twO' prediction, methods used 
e,Ktensively by this Ministry to determine the noise impact 
from road traffic and train operations on land being 
developed for residential use, as well as the guidelines 
for airport noise assessment. 
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2=0 GUIDELINES FOR ROAD TRAFFIC NOISE ASSESSMENT 

In July 1986 the Ministry of the Environment published a 
guideline manual for the prediction of road traffic 
nO'ise. The manual presents a pro^cedure required by this 
Ministry for the prediction of equivalent energy sound 
levels,. Leg, due to road traffic and the procedure super- 
cedes all other previously used prediction methods, A 
copy of the publication is encloaed as Appendix A. 

2 .. 1 Basic Elements of the 'Prediction Model 

The energy equivalent sound level produced by each class 
of vehicle is given by: 



Leq(h)£ = [Lo)g reference energy mean emleeion 

level 



+ 10 log [(Ni-iTDo)/(SiT)] traffic flow 
adjustment 

+ lO' log (Dq,/D)^*'^ dis.tance adjustment 

+ lO' log [#^(#1/ #2)/tt'] finite roadway 
adjustment 

+ As shielding adjustment (7.1) 

where LeqCh)^ is the hourly equivalent sound level O'f 

the ith class of vehicles. 

{Lq)E2 is the reference energy emission level 

of the ith class of vehicles, 

N^ is the number of vehicles in the ith 

class passing a specified point during 

some specified time period. 
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D is the perpendicular distance, in metres,, 
from the center line of the traffic lane tO' 
the O'b server. 

D'o is the reference distance at which the 
emission levels are measured. In the 
model Dq is 15 m, Dq is a special case 

0:f D. 

Sj_ is the average speed of the 1th class O'f 

vehicles and is measured in kilometres per 
hour (km/h) . 

W is the time period over which the.- 

equivalent sound level is computed. 

HI is a site parameter whose values depend 

upon site co^nditions. 



a 



is a symbol represent ing a function 

used for segment adjustments, i.e. an 
adjustment fox finite length roadways 



Ag is the attenuation,, in dB, provided by 

some type of shielding such as barriers, 

rows of houses, densely wooded areas, 
etc . 

2.1.1 Reference Hourly Sound Level 

The reference hourly sound level for all three classes of 
vehicles is defined as: 

Leqi^(h) = 10 lo^g [l{antilog [Lqe^/IO] ) * Pi] 

+ 10 log [NDo/S) - 25 {7.2) 
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where P^ = Percentage of ith class of vehicle (expressed 
as a fraction of the total volume) 

S = posted speed limit in km/h 
i = 1^ 2 and 3 

The reference energy mean emission levels measured at the 
reference distance of 15 m for automobiles, medium trucks 
and heavy trucks are given below and alsO' plotted in 
Figure 7.1: 

{Lo)g = 38,. 1 log (S) ~ 2.4 

A 

(Lo)g = 33.9 log (S) + 16.4 

MT 

{Lo)g = 24.6 log (S) + 38.5 {7.3} 

For a specific reference distance of 15 :m and a reference 
traffic volume of 40 vehicles per hour, the reference 
hourly sound level can be expressed as: 

LeqR(h) = 10 log |[I(antilog [LoEi/lO]) * Pi] 

- 10 log S + 2.78 (7.4) 

., i = 1, 2 and 3 

The above expression defines the reference hourly sound 
level presented in Appendix A,, Tables 3 to 6. 

For heavy trucks travelling in the upgrade direction, the 

adjustment shall be made by multiplying the percentage of 
heavy trucks by an adjustment factor given in Table 1 of 

Appendix A, before applying the above formula or using 
Tables 3 to 6, 
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Figure 7. 1.. Reference energy mean emission levels as 
a ryinctlofi of speed 
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2.1.2 Adjustments to Reference Level 

(a) Traffic Volume 

F'O'r volumes other than the reference volume of 40' vehicles 
per hour, an adjustment must be added. The traffic volume 
adjustm,ent is given by:: 

^vol = 10 log {V/40i) (7.5) 

where V is the total traffic volume 

{ b ) Distance Adjustment 

For distances other than the reference distance of 15 m 
from the centre line of the ro^ad, an adjustment must be 
added. The distance adjustment is given toys 

%ist " i^ + «) * 10^ log [Dfl^/Dj (7.6) 

where Dp is the reference distance lof 15 m from road 
centreline,, 

D is the perpendicular distance from the centreline 
of the road to the point of reception, 

and a is the ground absorption co-efficient defined 
by: 

a = O'.S h <3m 

= 0.715 (l-h/lO) 3m< h <10m 
=0.0 h SlOm 

where h is the total effective height. For reflective 

surface a is equal to zerO'. The total effective 
height is computed by adding together the height 
O'f the point of reception above the ground,, the 
effective shielding height between the sO'Urce and 
the receptor and the effective source height of 
the ro'ad traffic. 
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'The effect ive source height in metres is. given by 



a = p°-25 (7,7) 



where p is the unaciju,sted percentage of heavy trucks. 

It should be noted that a lower limit of 0.5 m and an 
upper limit of 2.4 m apply to the source height. 

i c } RO'Sd Element Size 

When the ground is non-reflective o^r when the calculation 
considers a finite section of the road, an adjustment 
must be added.. The value of the adjustment is given by: 

^■road size = 10 1°^ Hl/^) / C'CO^s t)-^ di] 
for non-reflective surfaces 

= 10' log [[#2 - ii)/Tf] 

for reflective surfaces (7.8) 

where f.^ and fj are the angles subtended by the road 
section at the point of reception, see Table 10 of 
Appendix A. 

(d) Pavement Surface 

An adjustment A^g must be added to account for pave- 
ment surface type. This adjustment is described in 
S e c t i on 2 ,. 2 ( g } ( i v ) of Append i x, A ., 
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(e) Adjustroerit for Shieiding by Dense WO'Ods and Rows of 
HO'Uses 

An adjustm,ent must be added to acco:Unt for shielding of 
dens.e woods or rows of houses. This adjustment is 
described in Section 2.2(g) (v) of Appendix A. 

{ f ) Barrier Adjustment 

The barrier adjustment accounts for barrier attenuation. 

The barrier adjustment is discussed in detail in Chapter 9 
and in Appendix A. 

2 . 2 Ro^ad Traffic Variables 

The following variables are included in the prediction 

model I 



(a 

(b 
(c 
(d 
(e 
(f 

(g 



Volumes of cars,, medium trucks and heavy trucks/hour 

Traffic flow speed 

Road gradient 

Distance from the centreline of road to the receiver 

Total effective height 

Road element size 

Pavement surface type 

Shielding - 



2 . 3 Worked Example 

Given - automobiles 910 vph 

- medium trucks 20^ vph 

- heavy trucks 70' vph 

- posted speed 80 km,/h 

- distance from centreline 30 m 
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- road gradient 0% 

- road surface type normal 

- topography flat 

2-3.1 Mean Emission Levels at 15 m. 



AutomO'bila [Loli; = 38-1 log (S) - 2.4 

^ = 38.1 log (801 ~ 2.4 

= 72.51 - 2.4 

= 70.11 dBA 



Medium trucks [Lq]^ = 33.9 log (S) + 16.4 

^'^ = 33.9 log (SO) + 16.4 

= 64.51 +16.4 

= 80.91 dBA 



Heavy trucks [Lojg ~ 24.6 log (80) + 38.5 

^^ = 46.8 + 38.5 
- 85.32 dBA 



2.3.2 Reference Hourly So'und Level at 15 m 

Using equ a t i o^n (7 . 2 ) 

LeqR(h) = 10 log [lo'^'-'^^l * 0.91 + io,8.0'91 * 
0.02 + 10® '^■2- * 0.07] + 
10 lo.g [1000 * 15/80] - 25 
= 75,52 + 22.73 - 25 
= 73.25 dBA 

2.3.3 Distance Adjustment 



Source height, s = (p)^'"^^' 

- { 7 ) Q' • 2 5 

= 1.63 m 



7 - 10 

To.tal effective height, h = s + t + p + r (see Appendix A) 

= 1.63 + + + 1.5 
= 3- 13 m, 

a = 0.715 (1 - h/10') 
= 0.715 (1 - 3.13/10) 
= 0.49 

%ist = 10 l^g (Do/D)i+« 

= 10 log (15/30) 1-^0 -49 
= -4,5 dB 

2.3.4 Road Element Size 

§ 
'^road size = 1° '^^^ U1/ti] f {cob §)h dt] 

#1 

90 
= 10 log [i[l/ii] J (cos i)*S di] 
-90 

The indicated integration has. been performed numerically 
u s ing the S imp s on ' s Rul e : 

^road size = "l-^ dB 
2 . 3 ., 5 Ro^ad LeqCh) 

Leq(h) = LegRfh) + A^^^^ + A^^^^ ^-^^ 

= 73.25 + (-4.5) + (-1.2) 
= 67.55 
= 68 dlA 

Therefore, the Leg due to the road at a distance of 30 m 
ie 68 dlA. 
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2 .4 Effect O'f Changing the Traffic Flow CO'nditions on 

the Predicted. Noise Levels 

2.4.1 Effect of Increasing the Traffic Volume 

Table 2 of Appendix A or the term 10 log (V/40') indicate 

the relationship between traffic volume and sound 
level . 

A doubling of the traffic volume (and keeping the other 
variables constant) results in a 3 dB increase in the 
sound level . 

2.4.2 Effect of Changing the Traffic Flow Speed 

Changing the traffic flow speed have a slightly different 
effect on the sound levels for each classification of 
vehicles and is dependent on the overall composition of 

the three classes of vehicles.,. 

In general, the increase in sound levels is about 1-2 dl 

for every 10 km/h increase in speed and the maximuM 
increase is 3 dB^. 

2.4. 3 Effect of Increasing the Diatance 

The term in the model which deals with distance attenua- 
tion is 10 log (Do/D)i"'°'. 

Reflective Surface 

For ground absO'rption co-efficient, a, equal to zero,, the 
attenuation rate is 3 dB per doubling of distance.. 
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Non-Reflective Surface 

Foir ground absorptiO'n co-efficient, a, equal to 0' . 5 (total 
effective height <3 m) , the attenuation rate is 4.5 dB per 
doubling of distance. 

For tO'tal effective height greater than 3 m. and less than 
or equal to 10 m, a is given by 0.715 (1-h/lOJ'. The 

attenuation, rate varies between 4.5 to 3 dB^ per doubling 

of distance. And for total effective height greater than 
10 m, a is zero. The attenuation rate is 3 dB per 
doubling of distance. 



3.0 GUIDELINES FOR RAIL TRAFFIC NOISE ASSESSliENT 

A guideline manual for the prediction of rail traffic 
noiB.e has been prepared by this Ministry. A copy of the 
publication is enclosed as AppendiK B. 

3 . 1 Basic Elements of the Prediction. Model 

The noise emitted during passby of a railway train 
consists of two main components^ locomotive engine and 
exhaust noise; and wheel-rail interaction noise. Whistle 
noise is not considered part o^f the general train passby 
no'ise. 

The mathematical express ion governing the above two types 
of noise are defined in the following sections. Included 
are also the expressions defining all the various adjust- 
ments reguired to complete the calculation of the equiva- 
lent energy sound level. Leg, at a point of reception. 
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3.1.1 Locomotive Exhaust Noise 

The energy equivalent sound level produced by the loco- 
mO'tive engine and exhaust nodse at 15 m from the track is 

giveii by: 

heq,--^ = 10 log N - 10 log S + . 15x + 55 + ^^q^' 

S<30 km/h 

= 10 log N + 13.5 log S + 0.15x + 22 + A^of 

S>30 km/h (7.9) 

where N is the total number of locomotiveB in a 24-hour 
period^ 

X ll the number of cars per locomotive, 

S is the operating speed, km/h, 

and ^tot ^^ ^^^ total adjustment for locomo'tive noise 
(Section 3.1.3). 

3.1.2 Wheel -rail Interaction Noise 

The equivalent energy sound level produced by the wheel - 
;rail interaction noise at 15 m from the track is given 
by: 

Leg,^ = 5.3 + 10' log n + 15.7 log S + .^^ot (7.10) 

where n is the number of railway cars in a 24-hour period 

and ^tot ^^ total adjustment for wheel-rail noise 
(Section 3.1,3), 

S is the operating speed, km/h. 
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3.1.3 Adjustments 

(a) Distance Adjustment 

For distances other than the reference distance of 15 m 
from the centreline of the track, an adjustment must be 
added. The distance adjustment is given by: 



^dist " ^^ ^°^ (DoA>) 



1 +a 



where Dq is the reference distance of 15 m from track 
centreline^ 

D is the perpendicular distance from the centreline 
of the track to the point of reception, 

and a is the ground absorption co-efficient defined 
by: 

a = 0.5, h g3m 

= 0.715 (1 - h/10), 3m< h <10m 
=0.0 h ^lOm 

where h is the total effective height. 

For reflective ground surface a = 0.0. 

(b) Track Length and Ground Surface Adjustment 

When the ground is non-reflective or when the calculation 
considers a finite section of the track, an adjustment 
must be added. The value of the adjustment is given by: 

^track = 1^ l^g [{l/TT) / (cos f)-^ di] 
for non-reflective surfaces 
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= 10' lo^g [{§2 - ii)/ii]| 
foir reflective surfaces 

where ij and #2 are the angle a subtended by the track 

section, at the point of reception, see Table 8 of 
Appendix B^. 

(d) AdjuBtment for Shielding By Dense Woods and Rows of 
Houses 

An adjustment A^^ji must be added to account for 

shielding O'f dense woods or rows O'f houses. This 

adjustment is described in Section 3.4(b) of the 
Appendix B . 

(d) Barrier Adjustment 

The barrier adjustment accounts for barrier attenuation* 

This adjustment Is discussed in detail in Chapter 9 and in 

Appendix B, 

C e ) Time Period. Adjustment 

The sound level calculation must be adjusted for the time 
period to which the train traffic is applicable. This 

adjustment, is given by- 

^time = 10 l°g <Tref/T) 

where T^.^^ is a 24-hour period 

and T is the relevant time period, 

such as 8-h.our or 16-hou.r. (7.11) 



7 - 16 

3 . 2 Traffic Information Required 

The following inf orm,ation, which is required in order to 
use the train noise prediction method, can usually be 
obtained from the local stationmaster , trainmaster or 
dispatcher of the railroad owning the tracks. In addition 
to obtaining information on the present or existing train 
operations, it is important to find out if any future 
increases (or decreases) in the number of trains using the 
line can be expected. This information is particularly 
impO'rtant in areas where a commuter' rail service such as 
GO Transit may be a future possibility. These eo'mmuter 
operaitions can increase the number of trains on a rail 
line by a significant amount. 

The information required is ae follows: 

(a) The numb^er of train movements per day on the railway 
line in question. If possible, this information 
should be broken intO': 

(a) Time o^f day; 

(i) the number and type 0:f trains during the 
daytime period (O7rO0i tO' 23:0'0 hours); 

(ii) the number and type of trains during the 
night time period (23::0'0' to OTiO'O' 
hours) . 

(b) Type; 

The type of train refers tO' whether the train 
is a passenger^ a freight or switcher. 
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(c) The average numb'er of loco'mo'tives {if available) and 
the average numb-er of cars fo^r each type of train. 

(d) The average speed (in km/h) O'f each type of train. 
3 . 3 Worked EKample 

Given : 



Tim,e Period 

Train Type 

No. of trains 

No. O'f cars per train 

No. of locomotives per train 

Speed 

Distance 

Topography 



= 07-00 to 23:00 hours 

= freight 

= 17 

= 90 

= 3 

= 80 km/h 

- 30 m 

- flat and absorptive 



3 . 3 . 1 Reference Locomo'tive Sound Level at 15 m 

Leq^ 15 = 10 log N + 13.5 log S + ., ISx + 22 

= 10 log (17 X 3) + 13:5 log (80) + O'.IS x 30 

+ 22 
= 17.08 +25.69+4.5+22 
= 69-. 27 dBA 

3.3. 2 Distance Adjustinent 

Total effective height,, h,, = s + t + p + r (see Appendix B) 

=4+0 + + 1.5 
= 5.5 m 



= 0.715 {1 - h/10) 
= 0.715 (1 - 5.5/10) 

= 0.32 
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Adist = 10 lo^g (Dq/D)1-''°^ 

= 10 log ( 15/30 )i-^°. 32. 
= -3.97 dB 

3.3.3 Locomotive Sound Level at Distance = 30 



m. 



L®%,d = ^^^L,i^ *' '^ist 

= 69.27 + (-3.97) 

= 65.3 dBA 

3.3.4 Reference Wheel -Rail Sound Level at 15 m 
L®qw 15 = S.3 + 10 log n + 15.7 log S 

= 5.3 + 10 log (1530) +15.7 log (80) 
- 5.3 + 31.85 + 29.88 
= 67.03 dBA 

3.3.5 Distance Adjustment 

Total effective height^ h=s+t+p+r 

= 0.5 + + 0' + !. 5 
= 2 m 

ot = 0.5 



^dist = " i°g (Do/dV« 

= 10 log ( 15/30 )»■ + 0.5 
= -4.5 dB 
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3.3-6 Wheel-Rail Sound Level at Distance = 30' m. 



^®%,d = L^%,15 * %iBt 
=67-4.5 

= 62.5 dBA 



3.3.7 Locomotive and Wheel -Rail Sound Level 

Leg ^ LeqL,d * ^®%,d 
- 65.3 + 62.5 
= 67.13 dBA 

3.3.8 Track Length AdjuBtment 

# 
^track ^ 10 1®^ [1/^ /'(cos #)*« di] 

90 
= 10 log [1/tt J (cos i)^ d#] 
-90 

The indicated integration has been performed numerically 
using the S i mp a on "' s Ru 1 e . 



^track = -1-2 dB 



3 . 3 . 9 Time Period Adjustment 

^time = I'O log iT^^f/T) 
=10 log (24/16) 
= 1.8 dB 
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3.3.10 Overall Leg 

Leq = Leg + Arrack * ^time 
= 67.13 + (-1.2) + 1.8 

= 67.73 

=68 dBA 

TherafO're, the daytime Leg at a distance o^f 30 m. from the 
track is 68 dBA. 



4.0 GUIDELINES FOR AIRPORT NOISE ASSESSMENT 

The procedure for airport noise aseessment is based on the 
Noise Exposure Forecast (NEF) and Nodse Exposure 
Projection (NEP} system. 

.All land use propO'Sals near airpo'rts must conforro tO' the 
NEF Land Use Compatibility Table contained in the Ministry 
of Housing publication "Land Use Policy Near Airports", 
March 1978. A copy of the publication is enclosed as 
Append ix C. 

■'The calculation of NEF requires information, about the 
types of aircraft using the airport and the noise they 
generate^ the number O'f take-offs and landings on each 

runway and when the take-O'ffs and landings occur. 

A summation is made of the noise from all aircraft types 
on all runways in calculating NEF values,, taking into 

account the subjectively annoying effects of aircraft 
noise including pure tones and duration. The system is 
used primarily to develop nO'ise contours for areas around 
airports^ although it can be used to^ provide a noise 
exposure value for one particular lo'cation. Figure 7.2 
illustrates an NEF contour map for a Canadian airport of 
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Airport 
Aeroport 



Sault Ste Marie, Ont. 



V'Airlfiwd wtihhi C.ii.HC ml umm oi use.. 



Noise EKposuire Forecast 
Projectioini do Bruit Percy 



1991 



Seal* 1 50,000 ichelle 



jn«VJiM*ffr*i, 






Jfy g . _. ^ 5» - -j 

WOO' _ mO0_ _ _ J(5TOV»..B»* 



Bel', No. r%n-ic 

No, dO' Rol. OH 10 

Shieet No. 
Plianch® Nfi 1 

Ol 

Oil' 1 



Figure 7.2. NEF c^ontour imiap around a Canadian airport 
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medium isize. It is important to note that NEF values 
increase in logarithmic manner. 

Trangpoxt Canada has provided noise exposure forecast 
cO'ntour maps for major airports in Canada. These maps are 
based upon the most up-to-date information available, and 
where possible, on expected future conditions. They will 
be revised as airport conditions change. Figure 7.3 
provides a list of the NEF/NEP contour maps currently to 
be used in Ontario. 

The accuracy O'f the NEF contours will typically be highest 
near the runways, and will gradually decrease with 

increasing distance from, the runways. NEF contours are 
typically based on the average operation over a year^ 
although where there are large seasonal variations in 
operation^ NEF contours are developed for representative 
seasons- In either case, the aircraft operational data 
(number and types) for a given time period is averaged for' 
the time period under consideration. It must be 
remembered that actual operations on any given day may 
exhibit large departures from the averaged operational 
data. Therefore, judgement or analysis O'f aircraft noise 
data for any given day m,ay not be realistic in light of 
such variations. 

Sociological surveys have indicated that adverse community 
reaction may start about 25 NEF.^ Above 30 NEF, complaints 
become increasingly vigorous and may be expected to take 
the form of concerted group action. Above 40^ NEF legal 
action may be expected. 

The following approximate conversion holds for NEF and 
Leg 2 4 : 

Leg 2 4 = NEF + 31, dBA (7. .12) 
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A list O'f the maps currently (December 1986) to be used in applying 
the 1978 Land Use Policy near airports. 



Airoort Date of Latest Revision 


Projection Date 




ilF MaPi 




Braintford 


August 1977 


1991 


Button vi He 


IMarch 1986 


1991 


Carp 


May 1973 


G.A. 


Hamitlton 


July 1981 


1988 


Kingston 


September 1 978 


1 986 


London 


June 1986 


1991 


Maple 


March 1981 


1987 


North Bay 


Decembar 1980 


1985 


Ottawa*" 


December 1983 


1988 


Pemibroke 


December 1985 


1991 


Sarnia 


August 1978 


1986 


Sault Ste. Marie 


1986 


1991 


Sioux Lookout 


March 1986 


1991 


Sudbury 


June 1973 


1976 


Thunder Bay 


Novemiber 1984 


1989 


Toronto (Pearson)* 
Toronto Island 


July 1980 


1986 


April 1978 


1990 


C.F.B. Trenton 


November 1985 


1990 


Waterloo-Guelph 


April 1977 


1985 


Wiarton 


February 1979 


GA 


Windsor 


February 1979 

HP M,aPS 


1985 


Oshawa ** 


December 1982 


1991 


Ottawa* 


November 1984 


2000 


Toronto (Pearson)* 


May 1984 


1996 


Mark ham 


December 1982 


1988 



Both the NEF and the NEP contours apply and land use 
proposals should not conflict with either. 

NEF contours have also been published for Oshawa but 
since they lie within the NEP contours, they are not 
referred to in applying the policy. 



Figure 7.3. NEF and NEP contour maps 
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5.0 REFLECTIONS FROM BUILDING SURFACES 

The road and rail traffic noiee prediction methods 
detailed in Sections 2 and 3 apply tO' a "free-field" sound 
level at receptor locations where the proposed 
structures are to be constructed. The prediction ntethods 
have made no allowance for reflections from the building 
facade. Therefore, an adjustment must be added to account 
for reflections from the building facade. This adj ustiaent 
is described in Appendix D. 

5.1 Level in. Outdoor Living Area 

The usual practice in land use planning is to estimate the 
outdoor living area noise level (Leg, dBA) during the 

daytime hours at 3 m away from the building facade and 
1.5 m, above ground level. The prediction methods 
calculate the '"free-field'"" sound level. To account for 
the reflections from the building facade, 2 dB adjustments 
should be added to the predicted "free-field" outdoor 
sound level. 

For instance, in the worked example in Section 2.3 for 
road traffic, the corrected outdoor living area sound 
level is (68 + 2) = 70- dBA. Similarly for train noise, in 

Section 3.3, corrected noise level in the outdoor living 

area is (68 + 2) = 70 dBA. 



Note 



1. The above adjustment is also valid for corner lots 

even when there is an. acoustic fence parallel to the 
noise source, and the fence has a wrap-around the 
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property line {see Figure 1). Municipally appro'ved 

fences are not very high and the reflections from, the 
fence are minimal . 

2,; If the O'Utdoor living area is located on the shielded 
side (away from the noise source) of the building 

facade, nO' extra adjustment is required. 

5 . 2 Level Near Building Facadee 

The indO'Or nodee control measures are usually determined 
in land use planning by evaluating the sound level O'Ut- 
side the second sto^rey bedroom window. To account fO'r the 
reflections from, the building facade, 3 d,B adjustments 
should be added to^ the predicted "f ree-,f ield" so'und 
level . 

For sample calculations and, detailed descriptions, refe,r 

to Chapter 10' and Appendix D, 



6.0' COIIPUTER PROGRAM (TRAFFIC NOISE) 

The NO'ise ,A,Bsessment Unit has pr'epared a computerized 

version of the Guidelines for Road, Traffic Noise 
.Assessment. The program has been written for the IBM 
personal computers or compatibles. A, copy of the program 
documentation is enclO'Sed as Appendix, E. 

Copies of the computer program may be obtained ,from the 
Noise Assessment Unit, Ministry o,f the Environme,nt . 
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MOISE CONTEOL MEAStlRES FOR EESIDElfriAL DE¥ELOH«EIIT 



1 . HfTRODUCTI ON 

In this chapter "noise control measurea" are diecuSiBed for 
lowering indo'or and outdO'O'r nodse levels to acceptable 
limits in residential areas impacted by surface transpor- 
tation and industrial sources of noise. Sonie of the 
control techniques are presented here merely as 
guggestions tO' thO'se involved in planning new housing.. In 
any case^ no simple rules can be devised regarding 
application of specific maasures tO' certain types o^f 
applicatione,, and the discussion is kept general in scope. 
It should be noted that the following discussion dO'es not. 
apply to noise control for aircraft over .flights. This 
topic is discussed .in Chapter 14. 



2.0 IHREE STEPS I1IVDL¥ED IN IMPLEMEHTIMG MOISE CONTROL 
MEASURES 

The process of implementing noise control measures for new 

.housing c.an be viewed as a th.ree-step process. 

Step 1 ; Deteriiin.ation .O'f noise levels at site; 

Step 2 • Comparison of projected noise levels against 
sound level limits; and 

Step 3 : Design of noise control measu.res for excess over 
sound level limits. 
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In Step 1, the noiae levels at the proposed residential 
development is determined by the use of prediction ,niod,els 
and techniques covered in Chapter 7. However, when the 
s^ubdivlsion geometry or topography is complex and the area 
is impacted by many different types of noieee, prediction 
methods cannot be readily applied and measurement 
technlguea give more reliable information. 

Measured levels are projected to future years (usually 

10' years hence) in order to fully appreciate the potential 

impact . 

Having determined the future noise levels for the proposed 
site in Step 1, these are compared against the outdoor 
sound level limits given in Chapter 6,, and the excess over 

recommended limits is determ,ined. Of course, if the 
levels at the site are lower than these limits, no noise 
control measures are required. 

Step 3 involves selection of appropriate nodae control 
measures depending on the following factored 

(i) Reguired reduction of indo-or and/or' outdoor 
levels. 

(ii| Timing fox considering noise control measures in 
the subdivision design process, i.e. early or 

late. 

(iii) Constraints or restrictions unique to the site. 

It must be pointed out that there are certain m,inimum 
noise control requirements. The details O'f the procedure 
are presented in Chapter 14. 
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3.0 SIOIIFICMICE OF TIMING IN CONSIDERING NOISE COIWROL 
MEASURES 

The earlier discussion in Chapter 6 identified two 
different design sound level limits to be met in design- 
ing new housing, applicable to^ indoor noise levels and 
outdoor noise levels. Although the innplementation of 

node© control measures outdO'Ore also affects the levels 
achieved indoors^ generally speaking, these measures can 
be viewed as relating tO' twO' separate applications. 
Table 8.1 groups, commonly used noise control measures 
under these two categories . Measures in the Table are 
also' grouped on the basis O'f whether they can be con- 
eidered during the early or late stages of planning the 
subdivision. The Table clearly indicates that the earlier 
nodse control is considered during the process of sub- 
division design, the larger the selection of available 
control measures there will be to^ choose from. Thus^ 
early consideration of noise control can conceivably 
reduce the costs of noise control by selecting measures 
which are most economical and also at the same time 
satisfy aesthetic and other requirements. 

Physical methods to reduce noise impacts on new housing 
can b© grouped intO' four major catego^ries, as shown, in 
Table 8.2. 

1. Site planning 

2. Acoustical barriers 
'S, Architectural design 

4. Construction techniques 

A discussion of each group follows,* 
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Planning Process 


Late Consideration in 
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NOTE: 

1. Outdoor noise control measures 
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early planning process are 
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aesthetically and less costly. 
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Table 8.1. Indoor and outdoor noise control measures and the timing of their application 
in the subdivision planning process 
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IDist'ance setbacks 
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NOTE: 
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trees should not be OTnslderedl as being 
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Table 8.2. Summary of noise control meisyres applicable to design of new housing 
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4.0 ACOIJSTICAL SI^ PLAMIING TECHMIQUES AS NOISE COHTROL 
MEASURES 

Site planning means making use of the natural shape of the 

site, favourable eurroundings and zoning tO' reduce the 
noise impact on proposed housing. The natural features of 
the site can only be utilized in reducing noise levels if 
nodae control is considered early in the planning of the 

subdivision, when the flexibility is still available. In 

general, site planning measures are economical and very 
effective. Experience indicates that prudent and cost- 
conscioue plannere .and architects almost never fall to 
capitalize on the use of site planning techniques. 

4.1 Distance Setback 

Distance setback means the physical separation between the 
noise source and the receiver is increased to reduce 
outdoor- noise levels. This method is most effective close 
tO' the noise source. For' example, increasing the distance 
of a receiver from a highway from 20 m tO' 40 m would 
attenuate hourly Leg levels by approximately 4 dBA. On 
the other hand, if the receiver were located at 80 m, to 
get the same attenuation, the distance will have tO' be 
Increased to 160 m. This is because the sound decay rate 
of a source varies logarithmically with the distance. 

Although the above illustration is given for highway 

noise, the decay rate of sound also^ applies to railway 
noise. 

Noise reduction by distance setback is usually more 
practicable in rural areas where land costs are lower. In 
m,ost urban areas land is expensive and distance setback 
alone can rarely be afforded, unless the intervening land 
can be used for other compatible uses. 
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Distance setback as a measure to reduce outdoor noise 

levels is available only during the earliest of stages in 
a subdivision design when flexibility in planning design 
can still be exercieed. 

Dlst.ance setback is aimed at reducing outdO'Ox levels, 

4 . 2 Insertion of NO'ise- Insensitive B^uffer Zones 

The use of the distance setback method in urban areas is 
prohibitively eKpensive. It can,, however,, be made 
feasible if the setback strip can be put to other useful 
applications. Noise control by the use O'f a buffer zone 
is based on this concept. This appro'ach offers two advan- 
tages; firstly,, the setback area is utilized for a 
compatible land use. Secondly,, additional shielding of 
the subdivision against noise may be provided if the 
buffer Eone utilization calls for tall and continuous 
structures. This second advantage will be discussed in 
Chapter 9. 

Typical land usee O'f the buffer strip are parking, parks,, 
green belts and,, in some cases, basketball and tennis 
courts. Commercial establishments such as shops, storage 

facilities, offices,, etc. can be used as buffer zones. 
One such application is illustrated in Figure 8.1, the 
option to reduce outdoor' noise levels by creating a buffer 
zone (i.e. a parking lot). Such design is available only 
during the early planning stage of the subdivision. 

4 .., 3 Orientation of Outdoor Living Areas 

The requirement to provide quiet outdoor living areas for 

new residential development is as important as ensuring 
lO'W noise levels indoors. 
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Ffgyre 8J. The use of parlclog area as a noise- 
Inseiisltlve burrer zone 
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The backyards of dwellings are customarily UBed as 

private areas for the enjoyment of the outdooxs and fo^r 
passive activities such as relaxation,, cO'nversatiO'n,, etc. 
while the front yards are usually for parking. In some 
cases, the house structure itself can act as a barrier 
betwee:n the noise source and the receiver by shielding the 
backyard from noise. The closer the houses, the larger 
the shielding. Shielding of the backyard is more 
effective for linkhO'Using, rowhousing or townhouses where 
the structure is continuous, parallel and close to the 
noise source. Short length structures of single family 
units are not very effective as barriers. 

Two^ coimon ways of planning quiet outdoor living areas are 
listed below. 

In one arrangement the front yard o^f the to'wnhouse is 
located directly exposed to the noise source and the back- 
yard in the ehadow zone behind the residence.. Parking and 
entrance to the tO'Wnhouse is provided through the front 
yard,, as shown in Fi'gu,re 8., 2. This application is kno'wn 
as single side use, internal road. Another way O'f arrang- 
ing the recreation,a,l area, is to interchange the front yard 
and the backyard in, the above conf i^guration and then 
protect the backyard from the noise source by the use of a 
berm ox wall ,as shown in. Figure 8,3. The front yard is 
serviced, by the internal road running parallel to the 
townhouses. The second arrangement is less efficient than 
the first one because of the ,added cost of erecting and 
maintaining the berm and because of aesthetic reasons. 
The function of a berm is performed by the townhouse 
structure itself in the first arrangement. 

The methods of shielding the backyard as shown, in. 
Figures 8,2 and 8. ,3 are not without drawbacks. The 

concept of employing a continuous structure to shield 
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backyarde is a restrictive one, since O'nly rowhousing or 

town,housas satisfy the requirement, precluding the use O'f 
single family hom,es in the first row. Planners also point 
out that the single side use of the internal road is 
inefficient and expensive because residences are located 
on one side of the ro^ad only. One answer to these 
problems is to us5e key lots for the exposed row. 

Key lots are baeically the back lots located behind the 
front lots and connected to the public street by a long 

and narrow driveway for vehicular and pedestrian access. 
In Figure 8.4 the internal rO'ad serves the key lots as 
well as the front lots. Zero lot line single fam,lly homes 

on key lots provide a near continuous structure shielding 
the backyards from the noise source. For effective nodse 
control, gaps between the single family homes should be 
minimized. Finally,, it must be recognized that because of 

the gaps being present in the exposed row, noise reduction 
in the backyards of key lots will be less than that 
provided by a continuous row of townhoueee and/ox 
rowhouses . 

It is reported* that in spite of the relatively long 
driveways which impose an additional burden on snow 
removal on the occupant, per unit servicing costs for key 
lots are actually lower when compared with those of a con- 
ventional subdivision. The Increased number of driveways 
and access roads, however, reduces the number of spot.s 
available for street parking. Further,, it is harder for 
visltO'rs tO' identify a key lot driveway. The planner must 
judge if the nodse problem, at the site is. serious enough 
'to be resoLved at the cost of Intro'ducing these inconve- 
niences . 

S al e qu adrup 1 e x , a new type of housing not widely in use, 
is a variation 0:f key lot principle*. This concept 



*Key Lot Study for the Towns end Community Development 
Program, Ministry of Housing, prepared by John Bousfield 

Associates, February 1977. 
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miniiiizes the length of driveways and provides a more 
direct access to the units as compared to key lots. In 
this arrangement, each lot is divided in four semi- 
detached dwellings. The gardens of the two front units 
are shielded from the nodse source by the garage building, 
and the outdo^or living areas of the rear units are well 
protected and far removed from noise as ahown in 
Figure 8.5. However, because O'f the finite dimensions of 
the garage, the reduction of levels in the fro^nt yard can- 
nO't be expected to be large. As a result, the applicatiO'n 
O'f the quadruplex is limited to situations where only a 
slight noise reduction is required, such as for a lot 
expO'Sed to a busy lo'cal street. 

Figure 8.. 6 illustrates four of the ways of shielding 
outdoor living areas O'f apartment buildings, which were 
proposed £ot the St. Lawrence Housing Project, Toronto. 
In all four cases the building shields the outdoor living 
areas from the noise source. Another variation in which 
the outdO'O'r living area of an apartment building is 
located on the third floor and can also be used as a sun- 
deck, as shown in Figure 8.7. The concept O'f shielding 
backyards is not just confined tO' more conventional fO'rms 
of housing such as to'wnhouses, rowhousee and detached 
homes,, but also extends to other types of dwellings. In 
Figure 8.7(b) the backyard of a duplex is divided into two 
separate areas depthwise^ one being used by the occupants 
living upstairs and the other by the O'Ccupants on the main 
f lO'O'r . 

The planning tO' lower nO'ise levels in outdoor living areas 
by orienting the outdO'0,r living areas and residences must 
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coiim,ence early in the subdivisiO'n design prO'Cess. The 
extensive use of this method by planners is a gO'Od 
indicator of the wide range of possible applications and 
economics of controlling noise. 



5.0 ACOUSTICAL Bi^RIER AS A NOISE COM^OL MEASURE 

An acoustical barrier is a physical structure, planned or 

natural^ placed between a noise source and the noise 
sensitive area where reduction of noise levels is 
required. 

Although well designed barriers are known, tO' be very 
effective in. reducing nodse levels, they should be 
considered as a secondary measure after various other site 
planning measures have been considered for the site and 
have failed to reduce the outdoor levels to the desi^gn 
sound level limit. Barriers are usually considered in 
those applications where outdoor noise levels cannot be 
reduced by other methods. Since certain barriers, such as 
berms, require valuable additional land, it is good 
practice to consider them early in the planning process.. 
However, barrier walls can still be designed late intO' the 
subdivision planning process, if necessary. 

The subject of barriers is discussed in mo^re detail later 
in Chapter 9 .and is examined in a Wo^rkshop Session in 
Chapters 12 a.nd 13, but some observations with respect to 

the use o,f barriers are in oT'der here: 

•|1| To be e,f,fective, barriers must be long .and 

continuous, encircling or surrounding the area tO' 
be protected so that sound waves do not pass 
around the ends . To ensure this the ends of the 
barrier are extended well beyond the noise 
sensitive area. The barriers must be solid, fre# 
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from gaps or holes and have adequate surface masa 
density [preferably not less than 20' kg/u^ 

(4 lb/ft^)J. 

(ii) Noise level reduction achieved due to a barrier is 

dependent on the path length difference,, i.e. the 
difference between the direct dietance in a 
straight line without a barrier and the distance 
measured over the top of the proposed barrier. 
The situation is illustrated in Figure 8.8, The 
barrier is most effective when it is erected 
either very close to the source or to the 
receiver. Another important design factor is the 
surface mass density of the barrier, denser 
barriers provide higher amount o^f noise 
reduction. However, the mass effect has a limit 
of diminishing return. 

fiii) To be effective a barrier must be high enough to 
eliminate the direct line of sight between the 
source and receiver. A small amount of noise 
reduction is obtained even if the barriers do not 
blO'Ck the line of sight. Highest possible eleva- 
tions of source and receiver should be considered 
in the design calculatione . Figure 8.9 illus- 
trates this point for a receiver located at ground 
level as well as one at the first floor level. 

(iv) If the barrier is properly desi^gned, the nodse 

problem can conceivably be minimized for the first 
row O'f sensitive receptors closest to the source 
and may be eliminated for the rest of the site, 
thus making a large po^rtion O'f the site available 
for upgraded residential use which would not have 
been possible otherwise due to the hostile noise 
environment. As an illustration, appropriately 
designed rowhousing acting as a barrier may make 
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it possible fo^r single family houses to^ be planned 
fO'T the inner core O'f the subdivision without any 

special noise control measures. Thus, the effect 
of erecting a barrier is tO' reduce the area 
impacted by excessive outdoo'r noise levels. 

(v) Safety must also be considered in selecting a 
barrier design. 

(vi) Structural stability and durability of the berm- 

barrier,, servicing,, maintenance^ aesthetics and 
erection coasts are other important considera- 
tions. 

(vii) Snow removal is impoirtant on the noise eource 
side. 

fviii) Some added benefits of acoustical barriers should 
be noted such as privacy, providing visual screen- 
ing, pro'tection against salt, slush, debris and 
headl ight gl are . 

h qualitative discussion of different types of barriers 
follows below; barrier calculations and quantitative 
aspects of barrier design are covered in Chapter 9,. 

5.1 Topographical Featuree as Natural Barriers 

Existing topographical features such as valleys or ravines 
at a residential site can quite oft.en be succeesfully 
explO'ited to act as natural barriers. Two such applica- 
tions where direct line of sight between the source and 
receiver is eliminated and noise levels reduced by the use 
of favourable site topography are illustrated in 
Figure 8,10!. in some cases topoigraphical features can be 
enhanced or created at the site by excavating or land- 
filling or by lowering the road level. 
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Such natural barriers utilize the given features at the 
site,, it readily blends with the topography of a site and 
is aesthetically more desirable. Costs also tend to be 
generally smaller compared to thO'Se for the erection of 
berms or barriers. 

5 .., 2 Earth Berms 

An earth berm is a planned and deliberately created 

barrier usually made of a mDund of earth running parallel 
to the nodse source or the row of residences as shown in 
Figure 8.11. 

Some import ant features of an earth berm are euiiuiariz,ed 
below: 

(i) Because O'f the sloping walls, the Incident sound 
waves are deflected upwards and not towards the 
other side of the roadway as would be the case 
with vertical walls. 

(ii) A berm, provides a good absorptive surface compared 
to that offered by bare barrier walls, thus 
causing the levels O'f the reflected sound waves to 
be lower. 

fiii) A berm easily meets the surface mass density 
requirement of 20' kg/m^ . 

(iv) A berm can range up to 4 m, or more,, in height and 
still be designed to be satisfactory from an 
aesthetic viewpoint,. 

(v) The higher the berii the greater the volume of 

earth required for its construction^ and the wider 
its base thus requiring m,0're land fO'r erection. 
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Since the erection of a berm requires land space, 
prO'Visions must be made fo^r it in the early planning 
stages. Shallow slope Ovf a berm is aesthetically moT'e 
acceptable^ but alsO' o-ccupies more land and results in 
higher costs. High cO'Ste can be offset by eucceeefully 
utilizing the slopes for various recreational purposes as 
shown in Figure 8.12. 

Earth berms are specifically suitable to the problem of 
lowering noise levels in outdoor recreational areas, 

although indoor levels are also reduced to^ some extent. 

Erection of berms as a control measure should be 
considered favourably if surplus earth were to become 
available during the construction o£ the subdivision at no 
cost. Cost of building bems includes erection cost,, 
maintenance expenses O'f cutting the grass on elopes and 
snow rem,oval expenses, etc. Structural stability and 
durability of the berm are also majo^r design considera- 
tions. 

5 . 3 Barrier Walls and Fences 

Barrier walls or fences offer the advantage O'f requiring a 
minimum of space, easy maintenance and a very strong 
physical separation O'f the subdivision from, the nolee 
source. Walls may be used tO' suppleraent the height O'f a 
berm which cannot be built taller because of structural or 
space considerations. Another application of a barrier 
wall is tO' shield a site for which control measures were 
not considered in early planning stages and, later, the 
land available to erect a berm is found to be inadequate. 
Typical acoustical barrier walls are shO'Wn in 
Figure 8.13. 
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Acoustical barrier walls can he employed early, ae well 
as late, during tlie planning procese to control, outdoor 

levels. To be effective the walle muet be free of gaps 
and holes. Concrete walls are most comm;Only used followed 

by briclc walls, timber and sheet metal fences. One major 
disadvantage of barrier walls is that they are aestheti- 
cally less acceptable than berms. Structural and 
stability considerations are especially critical in the 
design of high walls (higher than 3 m,)- 

5.4 ' Intervening Structures as Barriers 

In this m,et,hod buildings located, in t,he first row per,fO'r,m, 
the function o.f the .noise barrier for the rest of the 
site, Th,e buildings so utili,z,ed are called barrier 
blocks . 

le,fore we discue.fi barrier blocks for noise control we 

should di,f.fere,ntiate clearly between this method, .and the 
method of orienting the outdoor living areas, the two 

.methods are often confused with each other. By oxienting 
the outdoor living area in a specific way, the planner 
alm,s at providing quieter outdo-O'r living areas for 
individual units or blocks. This is a,ccom,plis.hed by 
rearranging these.' units or blocks themselves. By using an 
intervening structure as a barrier, the aim, is tO' provide 
quieter outdoor areas not just for t,he residences in the 
.first row, but for the entire site. ,As an illustration, 
shielding the backyard of a barrier block itself is 
considered an eKercise in the orientation of the outdoor 
living area, while the barrier block, is considered as an 
Intervening structure to shield the rest 0',f the site. 

Among t,he four noise control measures discussed under the 
heading O'f acoustical barriers, barrier blocks apply most 
widely, and 0:f,fer the mo^st creative and, elegant answer to 
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the subdivision no isie- impact problaiii. Some basic features 
of a barrier block are listed below i 

(i) It is a very economical measure, since the 
structure in the first row performs dual 
functione,. one as the barrier to shield the site 
from nodse and the other to house residential, 

commercial or other types of activity. 

(ii) Since the planner has the choice to decide how the 
first row is to be utilized before it is actually 
built, this method offers high f lejcibility, 

provides an opportunity to ensure compatible land 
use and introduces interesting site diversity. 

(lii) To be effective barrier blocks should be 

continuous and placed as clo^se as possible to thB' 
noise source or the noise sensitive area. Thus, 
for a site directly exposed to^ the noise source, 
ideally the barrier block should abut the nodse 
source. The paseageways or gaps between the 
blocks to provide access or to fulfill fire 
control regulations must be minimized. Care must 
be taken to adequately protect the end blocks 
which normally have larger eicposed wall areas then 
the inside blocks. 

(iv) The barrier blocks are generally designed to^ be 
taller than the dwellings to be protected. 

The widespread acceptance and use of the barrier blo'cks by 
planners and developers has resulted in many different 
configurations and variations being developed. Some of 
these arrangements are reproduced in Figure 8 . 14 from the 
St. Lawrence Housing Study. Figures 8.15 to 8.19 show 
commercial, industrial and medium density residential 
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Figyre 8.18. Zfg-zag s.ri'aped; barrier block 




Figure 8.19 Fan shaped barrier block 
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buildinge (townhouees) arranged In different ways along 

the periphery of a residential subdivision to act as a 

barrier blocic for the entire site.. Reductions in the 
range of 10 to 17 dBA have been obtained. 

The use of barrier blockB to solve noise probleme is •quite 
widespread and effective. The Ministry of the Environment; 
highly reco'mmends the use of barrier blo'Cks tO' achieve 

econom.ical and aesthetically acceptable outdO'O'r nodse 
control at the subdivision site. The planning fox barrier 
blocks must begin early in the subdivision design 
process . 

6.0 AR^ITECTDmM, DESICTI AS A MOISE CON^OL IffiASIimi 

The noise control measures discussed in this category are 
created and deeply Influenced by the architectural 
design of the residential building. These measures are 
mostly employed to meet indoor noise level limits, 
although applications to reduce outdoor levels are also 
illustrated later. The four different types of 
architectural designs are discussed below,. 

6 . 1 O'rientation of Balconies and Terraces 

The concept used here is the same as discussed under the 
topic of orienting the outdoor living area in Section 4 
with one difference. The earlier discussiO'n applies tO' 
the outdoor living areas located on the gro'und level { such 
as backyards, patiO'S,. etc.), whereas this discuss io'n 
concentrates on the outdoor living areas located at higher 
elevations. EKaraples of such areas are terraces of the 
high and medium rise apartment buildings and stacked 
to'wnhouses which are more closely integrated with the 
architectural design of the residences than those 
d i s CUB a ed p r e v i pus 1 y . 
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As with the backyards and the patioe in the earlier caee, 
the terraces are planned on the shielded side of the 
building. This solution, however, can only be applied to 
one side of a dual-aspect or double-loaded building 
because of the eKcessive noise exposure on the other side. 
Figure 8.20 shows a typical application for the 
St. Lawrence Project, in which the terraces are proposed 
on the quieter side of the apartment building. 

Shielding of the outdoor area by locating it In the 
acouetical shadow of the building to reduce levels is an 

inexpensive measure easily adopted during the early 
planning stages. 

Balconies and terraces must meet minimum noise etandards 
if used as outdoor living areas. The details of the 

standards and guideline procedures will be presented in 
Chapter 14,. 

6 . 2 Room, and Corridor Arrangements 

Indoor noise levels in the noise sensitive areas of the 
home can, be substantially lowered by arranging the less 
sensitive rooms and spaces adjacent to the eKposed wall,B. 
The noise sensitive areas include bedrooms, living rooms 
and dens where sleep, speech, comni'unication and, relaxation 
activities take place. By comparison, kitchens and bath- 
ro'oms are considered to be less noise sensitive applica- 
tions. Examples of uses which are not at all sensitive to 
noise are clO'Sets, storage rO'Oms, corridors, stairways, 
etc.. Figures 8.21 ,a,nd 8.22 show two floor plans of 
detached homes designed specifically to reduce the indoor 
noise im,pact on residents. Also to be noted are the loca- 
tions of the corridor,, garage and kitchen in Figure 8.21 
which are adjacent to the noise exposed walls. 
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NOTE: The wall directly exposed to the road is used for noise- 
Insenisitive uses of bathroom, hallway and closets. Also, 

the windows open to the shielded garden.. 

Reproduced from the Key Lot Study prepared for the 
Townsend Community Development Program. 
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With the use of good planning principles applied in the 
early stages of the floor-plan design, the problem of 
nodse eKpO'Cure of the occupante O'f the home can be 
effectively solved at practically no added cost. 

6.3 Orientation of Windovs 

Indoor noise levels can be lowered by providing the 
wlndowe on the walls which are not directly exposed to 

the noise source. In the house plans of Figure 8.21 and 
Figure 8.22 the windows of the bedrooms and the living 
room are arranged in the walls facing the garden and not 
the arterial road. 

The effectiveness of this measure depends on the orienta- 
tion of the wall with respect to the noise source.. If the 
wall with the windows in it is parallel to the noise 
source on the shielded side of the house, significant 
reduction of indoor levels can be realiEed. For windows 
designed in the walls running perpendicular to the noise 
sources, the reduction is expected to be slight. 

There is no added cost involved in orienting the windows 
on the unexposed walls. This measure is quite effective 
in controlling indo-or levels and can be considered early 

as well as late during the planning process. 

Consideration should also be given to the orientation of 

windows with respect tO' exposure to sunlight. 

6-4 Blank Walls 

From the noise insulation viewpoint, the window is the 

weaker link of a wail-window combination. For dwellings 

exposed to very high noise levels the exposed walls should 
be windowless. This is done by relocating the windows to 
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other walls subjected to lower noise levels. The blank 
walls find application in the high density housing (high 

rise apartments), stacked townhouses and also for the low 
and medium density housing (detached homes, townhouses, 

rowhouses, etc.). An example ©•£ the former is illustrated 
in Figure 8.23 where the apartment building wall facing 
the busy roadway is the blank wall and the windows are 
provided on the shielded side only. An example of indoor 
noise control by providing a blank wall for a townhouse im 
for a townhouse is shown in Figure 8.24. Similarly^ the 
wall facing the arterial road in Figures 8.21 and 8.22 are 
for the most part blank walls. 

The use of blank walls imposes two restrictions. The con- 
ventional house plan normally relies on openable windows 
located in opposite walls to provide adequate lighting and 
ventilation. With the use of one blank wall the flexi- 
bility to provide windows is somewhat reduced and care 
must be taken to ensure sufficient lighting and ventila- 
tion. One such alternative is to design units to be 
elightly wider than normal. The other restriction is that 
apartment buildings with one blank wall are "one side" 
loaded, result ing in the corridors, and passageways being 
unde r -ut i 1 i z ed . 

The application of blank walls should only be confined to 
the extreme cases where the noise problem is too serioua 
to be resolved by other measures. The likelihood of poor 
lighting and ventilation dictates that this measure be 
used with the utmost discretion and only as a last 
reaoxt . 

Significant reduction of nO'ise levels indoO'rs is pO'Ssible 
with the use o^f blank walls. The measure can be used 

early as well as late duringi the subdivision planning 
process. The cost of this measure may, in fact^ range 
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anywhere between slightly lower to somewhat higher than 

the cost O'f a wall window combination. 



7.0 CONSTRUCTION TECIWIQUES AS NOISE CONTROL MEASURES 

If indoor noise levels cannO't be lowered sufficiently by 
the design of the architectural features, further 

reduction is possible by employing special construction 
m,aterials and techniques. To minimize the cO'St of noise 
control these measures should only be considered after the 
various architectural features favourable tO' the nodse 
reduction have been fully explored . The specific measures 
are discussed in Chapter 10'. 



8.0 ClffiCK LIST OF NOISE CONTROL MEASURES 

S'O far w# have discussed the various noise control methods 
for new housing, their reco'mmended timing through the 

subdivision planning pro-cess,, the cost factors and their 
advantages and disadvantages. In Table 8,3 the considera™ 
tions will be summarized in the fo'rm of a check list for 
the use of the planners and architects. Although the 
check list is developed on a systematic and methodical 
basis, it can at best be offered only as a rational 
apprO'ach to solve the problem. Each subdivision 
development is unique, therefore, judgement, common sense 
and discretion must be used when applying this check 
list. 
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Table concluded on next page 



Table 8,3. Checlclist of the noise control measures for new housing 
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NOTE: 

1. The sequence in which the noise measures should generally be considered is, site planning, 

acoustical barriers (natural topographical features and inteirvening structures), architectural 
design and, construction techniques, and acoustical barriers (earth berms and walls). 

2. It is usually possible to meet indoor and outdoor noise level limilts by little or no added 

cost, if noise impact is considered very early in the planning process, 

3. This check-list attempts to rationalize the approach to the noise control problem. It is not 

claimed to Ibe authoritative nor exhaustive, but merely offered here as a suggestion. 

4. The qualitative cost considerations provided here enabl© a comparison to be made between 

the cost ol 'two or more alternative mieasures. 

5. The principles of noise control as applied to land use planning are relevant to the 
preparation of Official Plans as well as to the planning of subdivisions. 



Table 8.3. Concluded. 
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9.0 CASE HISTORIES OF INTE'CMATING NOISE CONTROL MEAS'URES 
IN THE SITE PLAN 

The following cases, some of which are extracted from the 
files of the Ministry of the Environment, illustrate the 

way the noise control measures can be inco'rporated into 
new housing plans. This does not necessarily constitute 
an endorsement of the approach by the Ministry of the 
Environment, but simply demonstrates, the practicability of 
the various measures and their potential applications by 
the planners and architects. 

9 . 1 St .__Lawrence HO'Using Project,, Toronto' 

The St. Lawrence Housing Project is housing 10,0'0'0 people 
O'f all ages and inc'ome' in an area near the Toronto 
Waterfront which is severely impacted by noise from the 
elevated Gardiner Expressway and the train activity of the 
main CN and CP rail lines. The proposal called for 
rowhouses and garages integrated with the berms and walls 
as intervening structures which are arranged so as to be 
almost continuous {Figures 8.25 and 8.26). The purpose of 
this arrangement is to protect the houses located, inside 
the core area from noise. It should, be noted that 
erection of a continuous berm also provided the same noise 
attenuation but not offering nearly so diverse,, interest- 
ing and aesthetieally acceptable a site plan,, as the use 
of the various illustrated, techniques dO'. 

9 . 2 Townhouse Development Exposed to Train Noise 

This is a case history from the files of the Ministry of 
the Environment. Townhouses were planned for a sub- 
division located on Harris Avenue, in a location exposed 

to train noise. Initially,,, the site plan was prepared, 
without, due consideration tO' the noise control m,easu,res. 
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as shown in Figure 8.27. OutdO'O'r noise levels cO'Uld no^t 

be complied with over the m,ost part of the subdivisio'n. 
The 3 IE and 6 m. buffer zones were virtually ineffective in 
providing any noise reduction. In Fi^gure 8.28 the buffer 
zones were elini„inated, and the tO'Wnhouses were arranged in 
the fo'rm of a long and near continuous barrier block , 
running parallel tO' the train tracks. As a reeult the 
outdO'O^r living areas for the entire subdivision were sub- 
stantially shielded against train noise. It should be 
noted that the land yield has remained unchanged at 116 
units after rearrangement and, in fact, the noise problem 
was solved without incurring any additional cost. 
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SOUWD ITTraHJATION BY BJiRRIimS 



1 . IN^ODUCT I OM 

Noise barriers proiride attenuation by shielding the 

receiver from the source of sound. 
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Figure 9.1. The effect of a barrier on sound waves 



Figure 9.1 shows a pro'gression of sound waves cro'ssing a 
barrier {a wall, fence or similar construction).. The 
sound waves near the top of the figure pass clearly over 
the barrier and are not affected by it. Sound waves which 

pass close to the barrier are diffracted by the barrier 

and hence bent round as shown in the figure. A receiver 
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standing in the region of the bent sound waves (shadow 
zone) will hear sound at a reduced level than a receiver 
standing in the area of the unaffected sound waves (bright 

zone) . This process of sound wave diffraction is similar 
to the process of diffraction in the study of the 
behaviour of light. 



2-0 PA!ffl LEMCTra DIFFERENCE AND FRESNEL MJMBER 

Froii optical diffraction theory, the sound attenuation of 
an acoustical barrier ie found by calculating the "path 
length difference" or the e,xtra distance the sound is 

forced to travel because of the presence of the barrier. 




Figure S.2. Definition of path lengtli difference 
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2.1 Thin Barriers 

Figure 9.2 shows a barrier placed between a source and a 
receiver. In the absence o^f the barrier, the sound 
travels directly between the source and the receiver, 
shown as the distance d. However,, with the barrier in 
place, the sound must travel from the source to the top of 
the barrier (distance a) and from the top of the barrier 
to the receiver (distance b) . So with the barrier in 
place the sound must travel through a total distance of 
a + b. Subtracting d from a + b gives the extra distance 
the sound must travel because of the barrier. 

Figure 9.3 defines the appropriate parameters: the source 
barrier distance Dgg, the barrier receiver distance 
Dg^, the source height Hg, the barrier height Hg 
and the receiver height Hr. 

The path length difference (PLD) , 5, can then be 
calculated from: 

a = a + b - d (9.1) 



where a - /[Hi - Hs)' + [Dsi] "" 

and d = /[Hs - HrP + [DgB + Dbr) ^ 
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Figyre i.3. Oalculation of PLD for e tfiin barrier 



2.2 Thick Barriere 

It is: often possible to use a rov of townhouses O'r even an 
apartment block as a nodse barxier. In this ca,se momm 

extra so'und reduction is achieved as the eO'Und is 
diffracted around the twO' upper edges O'f the building (see 
Figure 9,4). Again the PLD can be used as a simple 
indicator of the sound reduction. If the building thick- 
ness is defined as T,, then the calculation O'f PLD^ h, is 
as fO'llO'WS: 



6 = a + b + T = d 



(9,2) 



where a - /(Hb - Hgl^ + [%b] ' 



and d = /[Hs - Hr)2 + {^^^ + Dg^]l ^ 
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Figure 9.4, Calculation of PLD for a thick barrier 



Care shO'Uld be taken when calculating PLD that the 

receiver is in the shadow zone,, that is, the source cannot 
be seen by the receiver. In this situation the PLD is 
given a positive sign and a significant sound attenuation 
will result. If, however, the source can be seen by the 
receiver despite the presence o^f the barrier,, then the 
receiver is in the bright Eone and the PLD should be given 
a negative sign. In the later case the barrier will give 
very little, o^r no^ sound reduction at the receiver 
position. 

2 . 3 Fresnel Numb^er 



Once the PLD has been calculated, the sound attenuation o^f 

the barrier can only be calculated with a knowledge of the 
wavelength ot' frequency of the sound wave under 
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consideration. This is necessary as low frequency sound 
(or long wavelength) can be diffracted or "bent" more 
easily than high frequency sound {or short wavelength) . 
Following the optical diffraction theory , a "Fresnel 
Number" (N) must be calculated as follows before the sound 
attenuation can be found. 

Fresnel Number N = (25/X) 

where X is the wavelength of the sound 

and 6 the PLD. (9.3) 

As we usually work with frequency rather than wavelength, 
it is useful to convert the formula for N into a form 
involving frequency (f) rather than wavelength. 

f = c/X 

where c is the speed of sound in air 

Thus X = c/f 

and N = (2f/c) (5) (9.4) 

Care should be taken when using this equation to use a 
consistent set of dimensions. If the PLD is calculated in 
metres^ then the speed of sound used must be in metres/ 
second. If the PLD is calculated in feet, then the speed 
of sound must be in feet/second. 

Thus N = (2f/344) (5) (PLD in metres) 

Pit N = (2f/1130) (6) (PLD in feet) (9.5) 

It is clear that in order to calculate N, either the 
frequency of the sound must be known, or if the sound 
covers a wide frequency range, some representative 



I 
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frequency must be assumed. The Ministry of the 

EnvirO'nraent uses a frequency of 500' Hz to represent both 
the rO'ad transpO'rtation and the train transportation 
noise . 

Knowledge of the representative frequency allows calcula- 
tion of simple conversion factors from 6 to N. The 
Fresnel number for a frequency of 500 Hz is : 

N = 2.9 6 {PLD in metres) 

= 0.88 6 (PLD in feet) (9.6) 



3.0 ATTENUATION' FOR POINT .AND' LINE SO'URCES 

A noise barrier provides different values of sound 
attenuation for stationary point sources and line 
sources. Moving point sources, for which the attenuation 
for a paseby is required^ should be considered as line 
sources. In general, the attenuation for a line source is 
less than that for a pO'int source. 

The barrier attenuation fo^r a point, source, assuming an 
infinite barrier, A can be expressed as: 

A = .20 lo'g [72iN/tanh 'V^^'] + 5 dB, -0.19< N S 5.03 

= .20 dB^, N >5.03 

where N = Nq cO'S i 

No is the Fresnel number, Ng, = 26/X {9.7} 

and i i.s the angle subtended by the line connecting the 

source and receiver and a line perpendicular to the 
barrier . 



9 = 8 

At a frequency of 500 Hz the above express iO'n can be 
written as: 

A = 20 log [719.3 |5l cos i/tan 719.3 |5| cos i] 
+ 5 dB, fo'r -0.06< 5 <0' m 

= 20 log [7r9.3 |6| cos i/tanh Vl9 . 3 |'5l cos i] 
+ 5 dB, for 0< 6 < 1.725 m 

= 20 dB., for 5 >1.725 m 



(9.8) 



For a line source, the attenuation provided by an infinite 
barrier is obtained by integrating the above expreBsion 
from -11/2 to -n/Z, and is given by: 

tt/2 
Ai - 20 log [1/TT J lo~^/10 d§] 

-it/2 (9.9) 

where A is the point source attenuation, defined in 
Equ a t i on (9.7) or ( 9 . 8 ) . 

Figure 9.5 gives the attenuation provided by an infinite 
barrier for both a point and a line source. 

The upper curve on Figure 9.5 applies to a point source 

such as a stationary m,achine, car or truck, or an idling 
locomotive. The lower curve applies to a line source such 
as a continuous flow of traffic along a roadway or the 
wheel -rail noise from a long freight train. It can be 
seen from the graph that the attentuation provided by a 
barrier is less for line so-urces than point sources. 

The graphs in Figure 9.5 assume:: 

© That the barrier is very long {at least eight times 

the source to receiver distance) or is turned through 
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Figure 9.5 Barrier attenuation against Fresnel Number, N 
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a right angle away from the s^ource at both ends to^ 
protect the receiver from the sides. 

Q:: That the barrier does not allow sound tO' penetrate 
thrO'Ugh itself and thus raise sound levels in the 
shadow zone. To avoid this effect, the barrier can 
be made of any material (solid wood, masonry or earth 
in the form of a berm) so long as it has a surface 
mass density of 20 kg/m^ (4 lbs/ft^) and has no holes 
or gaps . 

-Q That the barrier is at right angles to a line drawn 

from the receiver to the source (for a point source) 
or a line drawn from the receiver perpendicular to 
the source (for a line source) . 

In many practical cases, conditions described abO've in 
Section 3.0 are no't met and the barrier cannot be 
considered infinite. Therefore, the attenuation provided 
by a finite barrier must be calculated. Finite barrier 
attenuation is obtained from, Equation (9.9), replacing the 
angles -tt/S and w/2, (i.e. -90° and 90'°) by appropriate 
values . 

It was indicated earlier that in some instances,, a 
bar,rier is extended or wrapped around, a coxner lot or a 
row O'f houses to simulate an infi,n,ite barrier. A, simple 
eKample is shown in Figure 9.6. The barrier attenuation 
calculation, depends O'n the angle subtended at the receiver 
by the barrier. For the receptor locatio^n shown, in Figure 
9.6,, the wrap around section of the barrier can be 
represented by an, equivalent barrier section which 
co'nsiderably exte,nds the overall length, of the barrier 
parallel to the ro,adway. 
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Figure 9.6. Equivalent configuration for wrap-arounci barriers 
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4.0' EFFECT I ¥E: SOURCE HEIGHT AND GROIJl© ATTENUATION 

Before a barrier attenuation can be calculated the eource 
height must be known. For a highly complex source such as 
traffic nodse, no single source height exists and eo a 
single effective source height must be used. The choice 
of this effective source height m,ay be affected by consi- 
derations of ground attenuation. 

As a sound wave passes over a region of absorptive 
surface,, the source sound level decreases by more than the 
expected 3 dBA per doubling of distance for a line source, 
or the 6 dBA per doubling of distance for a point source. 
This extra sound level decrease is known as ground 
attenuation. If, however, the sound wave has to travel 
over a barrier in order to reach the receiver, it must 
necessarily travel further away from the ground and hence 
resulting in a smaller ground attenuation. 

The effect of interposing a barrier between a source and a 
receiver is thus two-fold.. First, the sound level is 
Increased because at least a part of the ground attenua- 
tion Is removed and secondly, the sound level is decreased 
by the presence of the barrier and ensuing barrier sound 
attenuation. Thus,, t,his removal of part of the ground 
attenuation makes the barrier less effective, a fact which 
must be taken into account, when calculating the barrier 
attenuation . 

Two noise prediction models, train .and road traffic,, 
recO'mm,ended for use by this Ministry have been described 
in Chapter 7. As was discussed, train noise emanates from 
two ,main sources, the locomotive itself ,a,n,d the wheel-rail 
interaction. The locomotive noise propagates from both 
the exhaust stack on top of the locomotive at .a height O'f 
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about 5 m above the track and from the engine casing 

which ranges from a height o^f abo^ut 2 m up tO' 5 m. As a 
reasonable compromise, the source height is assum,ed to be 
4 m. above the rail level. 

The wheel-rail no'ise on the other hand radiates from the 
reverberant space between the ground and the car under- 
side. Again as a reasonable compromise,, the source height 
is assumed to be 0.5 m above the rail level. 

The ro'ad traffic noise predictio'n method recomin,ended for 
'use by this Ministry is based on a model developed by the 
Federal Highways Administration in the United States. In 
the models the source height is calculated based on, the 

truck traffic percentage. 

Details of the effect of ground attenuation and the 
effective height are given in Guidelines for Ro^ad and 

Railway Traffic Noise Aseessment incorporated in- 
App end ices A and, B, 



5.0 MINIMUM HEIGHT EEQUIRQiENT FOR BARRIERS 

"The equations presented in the previous sections predict a 
smooth decrease of barrier attenuation to '0 dB'' by 
i,nclu,d,ing negative PLD values,,, i.e. by including receiver 
positions in t,h,e ,bri,ght zone. In certain situations,,, how- 
ever, eve,n small topographical variations may predict 
ba,rrle,r attenuations of 3 to 4 dB. where the receiver would 
be well in the bright zo,ne„. 

T'o avoid such conditions where barrier attenuation 
predictions can be erroneously applied, the Ministry 
guidelines reuqlre that i,f a barrier is used as a physical 
noise control measure, its height must be such that the 

ba,rrler b,reaks the line 0:f sight betwee,n, t,he source and, 
receiver . 
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BUILDING ACOUSTICS 



1.0' BASIC ELQIQITS OF NOISE CONTROL IN BUILD'INOS 

Successful control of indoor noise originating from, out- 
door sourcee depends; on understanding the behaviour of the 
interaction between sound waves and the materials with 
which they come into contact. 

Two main factors affecting this interaction are the trans- 
miesion of sound energy through a material and the 
absorption of energy at, or in the vicinity of, the 
material's surface. One should be careful to distinguish 
one from the other since, in general, they are caused by 
different physical properties of the material. 

A material that allows only a very small transmission of 

sound energy is not usually effective as an absorber of 
energy,, and vice-versa. 

1 . 1 Sound Transmission 

When sound travelling through the air encounters a panel 
O'f a given material (such as a wall or window) the 
vibration O'f the air causes the panel to vibrate and some 
of the incident emergy is reflected. The vibrating panel 
sets the air on its opposite side into vibration. As a 
result, the energy transmitted through the panel appears 
on the other side as a sound wave usually of reduced 
intensity. 
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1.2 SO'Und Absorption 

The absorption of an incident sound wave o-ccurs at^ or 
near,, the surface of the panel. When s.ound waves are 
incident upon the surface of a, panel, air flows in and out 
of m,inute pores in the material due to the pressure 
changes produced by the sound. Reeulting frictional 
forces convert the sound energy into heat although the 
actual amount of energy dissipated is very small. The 
total amount of incident eound energy reflected by the 
wall is thus reduced,, lowering in turn the reflected sound 
level „ 

It is now possible to^ make a clear distinction between 
eound transmission and absorption. The former determines 
how much sound energy passes through the wall and enters 
the room. Once in the room, the energy is further reduced 
by the action of the absorbents (these may also be 
carpeting, furnishings, etc.) which determine the final 
sound level in the room resulting froii the entering sound 
energy. 

A term that describes the combined action of these two 
effects la *'noise reduction"',, which is defined as the 
difference in sound level between the exterior and the 
interior of the building, regardless of the mechanism, of 
the reduction. 



2.0 SOUND TRANSMISSION LOSS Mm STC EATING CONCEPT 

2 . 1 Sound Transmission Loss 

The measure of a material *s ability to attenuate the 
pas a age of sound is the sound transmission loss. By 
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definltioii the Sound Transniission Loss^ TL, is the ratio, 
eKpressed in dB, of the airboxne sound, power Incident upon 
the panel to the sound power transmitted by the panel and 
radiated on the other side. 

A panel hav'ing a high transmission loss would make a good 
insulator,, a panel with a low transmission loss would be a 
poor insulator. 

The Sound Transmission LO'SS of a panel is dependent on the 
frequency O'f the sound, the angle of incidence of the 
sound wave upon the panel and the mass and rigidity of the 

panel . 

Analysis of the entire sound transmission loss frequency 
curve of a given panel provides the best method for 

evaluation of its sound insulating properties. Such a 
detailed procedure is usually not needed for many assess- 
ments in land use planning. h simpler method of rating 
partitions by a single numb-er can be used. 

This single number rating is a go-od means O'f comparing the 

performance of different panel constructions tested under 
identical (or nearly identical) conditions. The numb'er is 
assigned by the testing laboxatC'ry according tO' a care- 
fully defined procedure and is a fairly reliable measure 
of com_paratlve acoustic perform,ance between different 
panels. This numb-er is called the Sound Transm,ission 
Class (STC) of the panel O'r material. The detailed 
pro-cedure is given,, fo^r instance,, in ASTM Standards E-9'0',, 
E-336 and E;-413 . (See list O'f references.) 

2,2 STC Rating Concept (Refer also to AS'TM E-413) 

To determine the STC of a test panel, the Sound 
Transmission Loss values, as determined in the 16 
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1/3 octave bands with centre f requ;e:ncies in the rang© of 
125-4000 Hz are compared with the values of STC reference 
contours as shown in Figure 10.1. 

Comparison is made according to the following conditions: 

A single unfavourable deviation (i.e. a value which falls 
below the contour) may not exceed 8 dB. 

The sum of the unfavourable deviations shall not be 
greater than 32 dB . 

Then the STC for the tested panel is the numerical value 
which corresponds tO' the Sound Transmission LO'OS value at 

500 He of the highest contour fo^r which the above condi- 
tions are fulfilled. 

Figure 10'. 2 shows an example of determining the STC value 
for a 200 mm thick brick wall. 



3.0 SOBMD TEAMSMISSION CHARACT^ISTIC OF A MAT^IMi 

Several factors influence the sound transmission charac- 
teristic of a material; i.e. mass per unit area of the 
panel, its stiffness,, frequency of incident sound and 
angle of incidence. 

FoT' a limp mass (i.e. material that lacked stiffness) the 

sound transmission is directly proportional to maiss and 

frequency. Assuming random incidence of eound, the 
transmission loss of a panel can be expresBed by: 

TL =20 log (f.m) - 47 

where f = the frequency in Hg 

m = surface mass density of a panel in (10'. 1) 
kg/m2 
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Figure 10.1 Sound Transmission Class (STC) contours. 
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■Transmijssiion Loss C^urve for 200 mm brick wall 



Devialions in 16 - 1/3 Octave Bands from contour 2 ( STC= 52 ) 

125 160 200 250 315 400 500 630 800 1000 1250 1600 2000 2500 3150 4000 
7 8 4 2 2 12 2 1 2 -5 -S -4 -7 -13 

Individual unfavourable deviations < 8 dB, 
Total unifavourable deviations < 32 dB. 

Sound Transmiission Class (STC) of the briclk wall is 52 



Figure 10.2 Determination of tlie STC value for a 200 mm Brick Wall. 
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From this equation it is eas^y to recognize that for a 
doubling of eithier the freguancy or the mass the trans- 
mission loss will increase by 6 dB. 



'This is knO'Wn as the '"'mass law". However, rarely does a 
panel act as a limp mass. Usually it moves in a more 
complex manner, depending upon its stiffness. 



Figure 10.3 below ehow a typical sound insulation curve 

fox a single panel. 
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Figure 10.3 Typieal soynd insylation cyrve 



fhe curve is broadly divided intO' three regions. In 
Region I (the low frequency range) the sound transmission 
of the panel is stiffnees controlled at first and then 
fluctuates due to resonance effects. These resonance 

effects depend on panel sise, mass, stiffness and on the 
method of fixing at the edges. 
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In moBt cases the size and material of the panel are such 
that the resonance frequency is well below the lowest 
frequency of interest,, 

■In Region II the sound transm,ission is primarily m,ass 
controlled, and the rate of increase^ theoretically 6 dB 

per octave, is in practice ab-out 4., 5 dB per octave. 

In Region III a ,marked d,rop in sound transmis,sion loss may 
occur due to the so-called "coi,ncidence effect'" which 

occurs when the bending wave in a panel is in phase with 
an oblique wave front of the incident sound. This happens 
at some frequencies and at some angles of incidence with 
nearly all materials. 

The lowest frequency cO'rresponding to^ gracing incidence, 
at which the coincidence ef,fect, 0"Ccurs is called the 
critical freguency. 

In general,, the coincidence effect may affect sound trans- 
mission lO'SS O'f a panel mo^re seriously than resonance 
(occurring in Region I) because it can occur well within 
the 100 H,z - 40'0'0 Hz range. 



4.0 SOUND TRANSM'ISSION PEOCESS ^^MOUCTI C'CiIP'0,SITE 

STRUCTUMES 

In the general case of panel application as a sound 
barrier,, the panel may be a wall with a door and windows 

and may even be built in several sections each with a 
dif,feren,t transmission loss because of different eonstruc- 
tion. 
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The sound transmission loss of such a composite structure 
depends on the relative areas and transmission losses of 
its components . 

4 . 1 Sound Transmission Coefficient 

To find the average transmission loss of the entire 
assembly^ an average transmiseion coefficient,, tg , has 
to be first determined,. The sound transmission loss and 

sound transmission coefficient are related in the follow- 
ing manner: 

TL = 10' log (1/tg) (10.2) 

The amount of sound power passing through a building panel 

component is proportional to the product of the area and 

B' ound t r an sm i s s i on c o e f f i c i ent . 

4 . 2 Transmission Loss of a Component 

The following can be shoi^n for a multi -component wall 
system: 

tg.S = ti.Sj + tg.Sg + tg.Ss + ...... 

where S = total area of the wall 

tg = effective sound transmission co'-ef f icient 
of the whole wall 
tj^tg^ta... - sound transmission co'-ef f icients of the 

components 
Sj,, S2.S3... = areas of the respective components 
Then tg = {tiSj, + tgSg + tiSg + . . . )/S 

and TL = 10 log (1/tg) (10.3) 

A graph for the rapid calculation of the composite insula- 
tion of a wall made up o^f two areas is shown on 
Figure 10,4. 
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Transmission loss of wall, TL^ = 

Trans mi is si on loss of window, TL2 = 
If, area window/wall k = 

then, from' graph TLi - TLq = 
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50 dB 
30 dB .% 

5 % 

8 dB 

50 - 8 dB 

42 dB 



TLi .^ TiLg -20 dB 



Figure 10.4. The effective transmission loss of a composite wal 
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Thus,, the importance of each element is determ,lned by 
its individual sound transmiesion loss (attenuation) 

together with the surface area which it occupies in the 
room. Therefor'©,, the main concern, in the m.ajority of 
hou.ees .are the windows, not only because they occupy a 
l.arge aurface area,, but also because they them.B.elves can 
h.ave .such low sound transmission loss values. 

While the curves in Figure 10.4 can be used only for a 
wall with, not more than two different TL section, a 
composite wall with more than two elem.ents can be treated. 
taking an add.it ion..al section at a t.lm.e as lo.ng ae one 
reme:mb'ers to use the previous composite TL at each step. 

4-3 Effect of Gap Upon TL 

Figure 10'.. 4 m.ay alsO' .be used, to estimate the effect of 
gaps^ cracks .and openings on, the transm,ission loss of 
doors, ^ windows, etc.. In this caee, if the total area of 

the opening is known., the opening can be considered as the 
weak component with. a. sound. tr.an.smiss.ion loiss of zero d.B.. 

It can. be seen th..a.t it does not take .a very large opening 

to reduce the sound tran.smls:eion by .a significant .amount,. 

es.pecially .for high sound transmission, losses of the given 
com.ponent . 

Suppose^ for e-K.a.mple, that .a cr.a.ck is left in .a wall; the 
area, of the crack con.stituting 1.0% o^f wall area. If the 
wall had been built with TL of 4.5 dfi., the crack will 
reduce the TL by .25 dB. to 20 dl . 
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5.0 STC RATINGS 



5.1 Walls 



Different wall materials and designs vary greatly in their 
sound inBulating properties. Figure 10.5 shows a 

eample of wall types ranging from the lowest to the 
highest sound insulation values. 

Figure 10.6 provides a vis^ual summary of some ways in 
which the acoustical properties can be improved. 

5.1.1 ■ Effect of Increased Mass and Stiffnese of the 

Wall 

In general, the denser the wall material the more it will 
reduce noise. Thus^, concrete walls are better insulatO're 
than wO'Od walls of equal thickness. Increasing the 
thickness O'f a wall is another way to increase mass and 
improve sound insulation, 

Boubling the thickness of a wall can result in as much as 
6 dB reduction in nodse level. However, the costs of 

construction tend to limit the feasibility of large 
increases in wall mass. 

The relative stiffness of the wall material can influence 
its sound attenuation value. Care must be taken to avoid 
wall construction that can vibrate exceseively at audible 

frequencies and transmit exterior sound to the indoor 
areas . 

5.1.2 Use of Cavity Walls 

A cavity wall is composed of two or mO're layers separated 
by an airspace. The airspace m,akes a more effective 
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Common stud wall 
STC - 35 



Typical wood siding 
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Figure 10.5, STC of common wall materials and constructions 



Normal 



Higher 



Highest 



Increased mass 




ln€reased mass 
with air space 



M M K 



Hi 
Staggered studs 



kVvxVVVVVVVVxVVVVVv^^^^^ 



MfMMmSfMW^ 



Staggered studs 
with absorbing blanket 



t M M 1 



Use O'f resilient 

attachments 






TT" 



^i^:f^;f!!/;w^^y:m 



Resilient attachment 
with absorbing blanket 






Standard metal or wood 
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Figure 10.0. Improvement in wall sound insulation properties 
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sound insulator than a single wall of equal weight, thus 

leading to cost savings. 

If two single layers O'f brick, for example, were used to 
make two walls weighing 250 kg/m^ and 500i kg/m'^' , the 

transmission lo^ss curves would look like the lines 1 and 2 
shO''wn on Figure 10 . 7 . 
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Figure 10,7 Tlie effect of an air gap on TL of a wal 



If-the wall weighing 500 kg/m^ was divided into two 

coimpletely separate, air tight layers spaced about 150' mm, 
apart, the transmission loss curve would lo^ok quite 

different, with dips caused by "resonance" of the assembly 
at several frequencies, as shown by the double wall 
curve 3 in Figure 10 . 7 . The result would be that the 
average TL value would be significantly higher. 
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Increaeing the width of the air space resulte in higher 
sound insulation values, for a given wall. A 76 mm air 
space provides significant noise reduction, but increasing 
the spacing to 152 mm may reduce noise levels by an 
additional 5 dB or so. However, extremely wide continuous 
air spaces are difficult to design into^ walle, and the 
ultimate reduction potential is limlted. 

5 . 1 . 3 Increased Spacing Between. Studs - Use of 
Staggered Studs 

Double walls of wood Ovr metal section frame construction 
may include split or staggered studs. In such construc- 
tion the air, by virtue O'f its compressability, acts as 
the spring element or vibration isolator. A wider air 
epace provides a softer spring action which results in 
greater sound insulation. 

AlsO'j, the increased spacing between studs reduces 
excessive coupling between the two walls and results in a 
reduction of acoustic energy transmitted through such a 
structure. For example, in a comm,on stud wall construc- 
tion, a 61 cm stud spacing gives a 2 to 5 dB increase in 
STC over the common 41 cm spacing, Sound transmission 
loss can be increased further by attaching each stud to 
only one panel and alternating between the two panels. 
See Figure 10.6. 

5.1.4 Use of Resilient Materials - Use of Dissimilar 

Leaves 

Any rigid coupling between twO' walls O'f double leaf 
construction will lower its ability to reduce the amount 

of the transmitted energy. Panels made up o.f resilient 

layers such as fiber boards glass fiber bO'ard,, resilient 
clips as well as semi-resilient attachments are simple tO' 
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insert and are relatively inexpensive. Thedr use can 
raise th© STC rating of the assembly by 2 to^ 5 dB.„ 

If the leaves are made of different materials and/or 
thicknesses, the sound! reduction qualities of the wall are 

also improved. 



5.1.5 Use of Sound Absorbent Line 



rs 



Also known as insulation blankets, these can increase 
sound attenuation when placed in the air space of a 
double wall. Sound absorbent liners tend to minimiEe the 
sound energy build-up in the hollow reverberant wall 
cavities,, particularly at the higher frequenciee, mm well 
ae minimize the effect of leaks. 

Made from sound absorbing materials, such as mineral or 
rock wool, fibreglasB, hair felt or wood fibres, sound 
abeorbent liners can improve wall performance by as much 
as 10' dB. 

They are effective in, relatively lightweight frame 
construction and in heavy masonry construction if the 
structural transmiission is not excessive. However, the 
use O'f insulation blankets in airspaces of common stud 
walls contribute little toward improved sound insulation. 
Owing to the rigid ties of the stud framing to the wall 
surfaces, the entire wall behaves like a diaphragm under 
vibration excitation and transmits the sound readily; thus 
the effectiveness of the insulation blanket is "short 
oircuited" . 

••■ 
Sound absorbent liners are also heat energy insulators and 
their use sho'uld be encouraged wherever po'ssible ae a 
con s er V at i on me a sur e . 
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5.1.6 Proper Sealing and Installation of Walle 

If the sound insulation of a high performance Mall is to 
b© realized, the wall must be of '''air tight" 
construction and well sealed at the perimeter. Care must 
be eKercieed to seal all openings, gaps, holes, joints and 
penetration of piping. Even hairline cracks which might 
occur, particularly at the adjoining wall, floor and 
ceiling edges, during the drying out period or building 
eettlement ishould be re-eealed. See Figure 10.8 below. 




CAULKING 







Ffgyre 10.8. EM^am^ple of g#od edge sealliig practlice 



A substantially greater amount of sound energy is 
transmitted through a crack than would be normally 

eHpected on the basis of its area as illustrated in 
Section 4.3. 



Also, proper installation of the wall requires that one 
should try to keep coupling or rigid ties to other 
structural asseiiiiblies at an absolute minimum. The 

purposes of decoupl'ing the wall is to break up, or 
m,inimize, the sound flanking paths transmitted through the 
structure from outside or from one room to another. 
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5 . 2 Windows 

Sound enters a building through ite acoustically weak 
points and windows are one of the weakest parts o^f the 
wall. An open or weak window will severely negate the 
effect O'f acoustically very strong walls. 

Wqw example, if a wall with an STC rating of 45 contains a 
window with an STC rating 26 covering only 20'% of its 
area, the overall STC of the coTOposite wall will be 

STC' 33, a reduction O'f 12 dB^ {check with Figure 10.4). 

The following techniques can be used to reduce noise 
admitted through windowB . 

5.2. 1 Closed, Windows 

The first step in reducing unwanted sound is to clO'se and 
seal the windows. The greatest amount of sound 
Insulation can be achieved if windows are permanently 
sealed. However, openable acoustical wlndO'WS have been 

developed which are fairly effective in reducing indoor 
noise levels. 

Whether ot not the sealing is perm,anent, closed windows 
necesaitate the installation of an air ventilation or air- 
conditioning system. If a window must be openable, 

special seals axe available which will allow the window tO' 

be opened . 

5 . 2 . 2 Reduced Window Size 

The smaller the window, the greater the net sound trans- 
mission lo-es of the total wall area o-f which the window 
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is a part. Reducing the window size is a technique used 
because it precludes the cost of expensive acouetical 
windows. 

However, this technique is not very effective in reducing 
noise; e.g., reducing the proportion of window to wall 

size from, 50'% to 20% reduces noise inside by only 3 dB. 

Table 10.1 illustrates STC ratings for a composite wall 
with various percentages of glass area. 



Window 
Type 


Single 
Glaiing 


Double 
Olaiing 


Special Construction 
Permanently Sealed 


Window STC 


25 


30 


40 


Wall STC 


35 50 


35 50 


Si 50 


% Glass area 








1 


35 50 


35 50 


35 50 


j 10 


32 35 


34 40 


35 47 


25 


30 31 


33 36 


36 44 


50 


28 28 


32 33 


37 42 


75 


26 26 


31 31 


38 41 


1 00 


25 25 


30 30 


40 40 



Table 10.1. 



STC values for a composite wall witli various 
percentages of glass area 



It should be mentioned that the Ontario Building Code 
requires a certain minimum window- tO'-wall ei^e ratio. 
Ontario Building Code requires that windows of bedrooms. 



10 - 21 

living rooms and dining rooms must have a glass area which 

is at least 10% of floor area. 

5 .. 2 . 3 Increased Glass Thickness 

Improved sound insulation can be obtained by increasing 
the weight (i.e. thickness) of the glass since glass 
reduces noise by the mass law principle. 

Figure 10,. 9 shows the variation of mean sound insulation 
value with glass thickness for sealed windows, tested in 
the frequency rangie from lO'O' Hz to 3200 Hz, 

It can be seen from the graph, that a 12.7 imii (1/2'") thick 
glass has a maxim_um, STC rating of 37 compared to an STC 
rating of 30' for ordinary 4.8 mm. thick glass. 

However, increase of glass thicknesses are only practical 
up to a certain point,, when STC increases become too 

insignificant to justify the cost. For example, a 12.. 7 mm 
thick glass can have an STC of 37; increasing the 
thickness by about 50% to 19 mm only raises the STC by two 
points tO' 39. 

A double gl.ass pane acoustical window consisting 0',f two 
32 om. glass panes (3.4 mm) separated by a 1.2 ram air 
space will have an STC of up to 39 depending on the typfe 
of sealant, frame construction, etc. A considerable 

improvement of window insulation can be achieved by 
lam.inating a single p.ane with a thick transparent plastic,, 
which is both noise and shatter resistant. Laminated 
"sound-xetarding" glass is a sophisticated form of safety ' 
glass, employing m,ultiple layers of thin glass, laminated 
with thick, soft layers of plastic to make a monolithic 
pane, ranging in thickness from ,just over 6.4 mm, to well 
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Figure 10.9. Incnise of STC wilh thfclcnese for glass 
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over 26 mm. The latter 26 mm composite thickness may 

well have an STC 40 rating. 

5.2.4 Double Glazed WindO'WS 

Double glazed windows are paired panes, separated by an 

air space,, hung in a special frame. Generally,, the 
performaiice O'f the double glazed window may be Inereased 
with: 

- increased air space width 

- increased glass thicknesiS 

- proper use of sealinge 

- slightly dissimilar thickness of the panes 

- slightly non-parallel panee 

Sound insulation generally increases with increased gap 
between the glass panes. However, experimental studies of 
double glazed units have sho'wn, that sound Insulation 
approaches a ma,xlmum, with an optimum spacing of 100 ram and 
only a small Increase occurs thereafter with greater air 
spacing. 

In all double and multiple glazing systems, lining the 
sides of the air space with sound- absorbent materials 

reduces the resonances within the cavity^ resulting in a 
worthwhile improvement in sound insulation. The increase 
in insulation will depend on the dimeneions of the air 
space and the properties of the absorbent material. 

It is alsO' important that the panes of a double glazed 
window be mechanically isolated from each other. 'Wh,ere 

the panes are fixed in separate frames, the frames should 
be so mo'unted that vibrations from one cannot be easily 
transmitted to^ the other. 
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hs in the case of all windows, proper sealing is extremely 
impo:rtant. TO' achieve an STC above 43,, double glazed 
windows should be sealed permanently. If the windows must 

be openable, there are special frames and seallngs avail- 
able which allow a maximum STC of 43. 

TO' further improve the sound insulation between double 

glazed panes, the panes could be of different thicknesses, 
different weights and slightly non-parallel to each other. 
The non-parallel panes is expected to prevent acoustical 
coupling and minlml,ze resonance effects. Figure 10. lO' 
shows examples of windO'Ws with panes of different 
thickness and with non-parallel panes. 

The construction of such glazing systems is usually 
expensive and, recent studies have shown that slanted 
windows do not improve the STC over a non-slanted double 
glazing (See Reference list). 

5.2.5 Practical Window Insulation Valuee 

Because of differences in constructional detail, fixing 

variations in the window size and ro-om abso^rption, it is 
not possible to give general Insulation figures which are 
valid for all cases. 

Table 10'. 2 shows the practical insulation values that can 
be expected from various types of windows. They are mean 
values, each representing a pO'Ssible range O'f 6 dl^ ( 3 dB) 
and can be used to give reasonably accurate results 
provided that the window is, at least, about 2 m;^ in area 
and forms part of a room of normal size with ordinary 
furnishings . 

Most values in the table are based on measured data. 
Glazing system,s for which nO' measured values were avail- 
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Figure 10.10. Sound retardont windows of special design 
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Window Type 



Field Insulation 



Normal opening lights, single g lazi na. fclosed) 

3 mini to 6 mm, glass 
13 mm glass 

Sealed or fixed singl e QJazing 

3 mm glass 

4 mm glass 

5 mm glass 

6 mm glass 
10 mm glass 
13 mm glass 
20 mm glass 
26 mm glass 

Normal opening light s, double glazingi. fclosedl 

3 m mi - 4 m.m glass with 100 ntmi airspace 
without absorbent between panes 

3mim: -4mm glass with 100' mmi airspace 
with absorbent between panes 
6mm glass with 100 mm air space with 
absorbent between panes 



Sealed or fixed dntihl e glazing 
3 mm 



4m:m 
4 mm 

4m:m 
4 mm 

4 mm! 
4 mm 



glass with less than 50 mim air space 

without absorbent 
glass with less than 50 mm air space 

without absorbent 
glass with less than 50 mm air space 

with absorbent 
glass with 50mim' air space without 

absorbent 
glass with 50mm air space with 

absoroent 
glass with 100mm air space without 

absorbent 
glass with lOOm^m air space with 

absorbent 



*esti mated values 

*21 
*30 



29 

30 

*31 

32 

*34 

*35 

36 

37 



*35 
*39 
*41 



32 

34 

*35 

41 

*43 

■*43 

44 



continued! O'fi next page 



Table10.2. STC ratings for various windows 
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Window Type 



Field lesulatiori 



6imim glass with 

6 mm glass with 

6mm glass with 

6mm glass with 

6mm glass with 



less than 50 mm air space 

without absorbent 
less than 50 mm air space 

with absorbent 
50mim air spac:e without 

absorbent 
50mm air space with absorbent 
100mm. air space without 

absorbent 
6mm glass with 1100mm air space with 

absorbent 



*estimated values 

*36 

*37 
*42 
*43 

*44 
46 



Laminated single glazing, sealed o r fixed 

6m,m llanninated glass 

7mim laminated glass 

1 2 m; m lam i nated g lass 

16mim laminated glass 

20 m;m lam,inated glass 



Therm^opa nes (double glazinQ. seated and fixed] 

3mm glass with 6 mm airspace 

3mm glass with 13 mi m airspace 

4mm glass with 13 mi m airspace 

6mm glass with 13 mi m airspace 



*35 
36 
38 

41 
43 



30 

31 
31 
35 



Table 10.2. Coticluded. 
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able are given values obtained by interpolation or 
estimation and thes^e are marked in the table by 
asterisks . 

5 . 3 Doors 

The transmission loss of doors obeys the same mass law 
that holds true fO'r single panels. Generally the 

greater their density the better their sound insulating 
properties . 

However, a good acoustical seal around the edges and 
insulation in the cavity o^f a double leaf door are both 

essential. Improper sealing around the edges O'f even 
thick doors will result in poor sound insulation and, 
therefo're,, care should be taken that a go-od positive seal 
exists between the door frame and the door panel. 



The table below gives the STC rating O'f typical deelgne O'f 
eKterior doors, separately for closed and for sealed 
coinditions. 



rype of Door 


Closed 


Sealed 


2 

Wood, solid core 46 mm, 20 kg/m 


30 


35 


Same wood, solid core with aluminum 

storm door 


34 


42 


2 

Wood, hollow core 46 mim, 6.3 kg/m 


20 


21 


Steel, flush pane with foamad-in 2 
polyurethane, 16 kgim' 


27 


28 


Fiberglass reinforced, plastic with ^ 
foam^ed-in polyurethane-, 12 kg/mr 


25 


26 



Table 10.3. STC ratings for doors 

The relatively low sound transmission loss of dO'Ors will 
significantly reduce acoustically stronger walls. Fo^r 
•example,^ the coiiiin.on hollow door taking up 20% of a wall 
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having an STC of 48, will reduce the compO'Site STC of such 

a wall structure to STC 27. (Check using Figure 10^.4.) 

The alternativ'e solution to using an improved^. eKpenslve 
door is to eliminate dO'Ors wherever pO'Ssible from the 
severely noise impacted walle and place them in other more 
ehielded walls, 

5 . 4 Ceilinge and Roof Decks 

Acoustical treatment of ceilings and roof decks is not 
usually neceasary unless the noise is extremelf severe and 
the sound waves pass over the building roof. 

Ceilings are usually considered absorptive systems, while 
roof decking will provide sound barrier propertiea since 
there will generally be a layer of tar, tar paper, gravel 
or other materials to weatherproof the construction. 
¥arious types o^f ro^of deck systems come in different 
thlcknee.s and provide a different degree of sound 
absorption and sound attenuation depending on this thick- 
ness and on the type of built up roof -backing used. 

In general,, an o^rdinary plaster ceiling should provide 
adequate sound insulation,, except in extremely severe 
cases . 



6.0 GUIDELINES ON INSULJITING HOUSES USING AIF iffilHOD 

Once the noise levels outside the building are 

established,, the requirements for adequate sound insula- 
tion for all the po'ssible transmission paths into the 
building can be evaluated. S^uch evaluation, however, 
involves tedious calculations of the sound energy 

transmitted by various paths at various frequencies in 
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order to arrive at a detailed picture o^f the effective 

sound ineulation required fo^r the various roome in a 
building. To simplify this procedure the National 
le, search Council of Canada has developed simple techniques 
to evaluate the insulation requireiients for residential 
houeing located near transportation corridors. The 
appropriate building components for any room are selected 
on the basie of the Acoustic Insulation Factor (A IF) which 
is eimply related tO' the difference in perceived noise 
level outside and inside. The proceduree are discuseed in 
the following eections. 

Aircraft Noise 

The Acoustic Insulation Factor (AIF) for aircraft noise 
analysis ie given bys 

AIF = NEF* outdoors - NEF* indoors + 10 logj^oN 
. N - the number of components forming the 

exposed facade 
NEF - Noise IxpO'Sure Forecast number from 

aircraft flyovers 
* use NEP IF APPLICABLl {10.4} 

This factor, which takes account of eeveral variables, 
including the number of components forming the envelope of 
the room, provides the link between the NEF (Noise 
EKposure Forecast number) indicating the sensitivity zone 

for aircraft flyovers and those selected components which 
will give adequate sound insulation. (For a further 
discussion of Aircraft Noise see Chapter 14.) 

RO'ad and Rail Noise 

The Acoustic Insulation Factor (AIF) for road and rail 
noise analysis is obtained from: 
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AIF - L^ (outdoors) - L^ {indO'Ors) + 
10 logio,N + 2 

where,, L^ = A-weighted sO'Und level due to^ traffic 
M - the number O'f components forming the 

exposed facade (10'. 5) 

General Princlplee 

Typically,, the outdoor sound may penetrate a room by 
eeveral possibles paths,; one o^r more walls ^ windows^ doors 
and perhaps the roof. To sum up the contributions of 
these various paths requires complicated calculations back 
and forth between AIFs and absolute powers. This 
complication Is removed by postulating that all paths 
carry equal sound power. Then the AIFs (corrected for 
area) must simply be equal. 

Although in principle one could compensate for a low Alf 
in one path by a superior value in another, the lowest 

ones always doTOinate, and the equal power pO'Stulate may 
thus be coneervative by one or two points at most. 

If there are several transmission paths, each must carry 
less power than if there were only one path. This is 
taken into account by increasing the AIF requirement by 
three points for two paths,, five for three paths, six 
points for four paths, and so on. 

The result is an optimum, design that keeps the relative 

importance O'f the major construction elements in 
perspective. The one parame'ter allowed to be altered over 
wide limits is the ratio of window to wall area. The 
final step is to provide a series O'f tables O'f AIF values 
for typical building components. 
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6 . 1 Detailed Procedure 

'fhe appropriate building components for any room in a 
dwe 1 1 ing are select ed as f oil owe •. 

(a) (i) Determine by reference to the NEF/NEP contour 

map for the airport concerned, the NEF/NEP 

contour passing through the building location. 
If the location falls between two NEF/NEP 
values the higher value should be used. 

(ii) Determine, either by measurement or by 

prediction methods, for ro^ad and rail traffic 
the exterior wall sound level L^, dBA,, with 
appropriate adjustments foe so^'und reflections 
as discussed in Section 6.3. 

(b) Determine whether the required AIF is for the 
components o^f a bedro'om or other room. 

(c) Determine the nunb'er o£ componente which make up the 
exterior envelope of the room,, e.g. windows, walls, 
ceiling/roofs and doors. It should be noted that: 

(i) where windows and exterior doors do not form 
part of the exterior envelope of a room,, they 
must be treated and included as a component of 
all rooms which have an opening or doorway 
opposite or adjacent to themj and 

(ii) since the AIF is related to the total area o^f 
each type of component, the number of 

individual units o^f each type does not affect 
the determination of the AIF. For example, six 
individual windows in a room would be counted 
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as one component and their total area used in 
the calculations of AIF. 

(d) Determine the AIF' from the Tables 10,4 and 10.5 (aleo 
see CMHC guidelinea) . 



iNuimber of co'mponents, N, 
forming the room envelope 


Bedrooms 


Other rooms 


1 component 

2 comiponents 

3 compomenits 

4 components 


NEF 

NEF + 3 
NEF + 5 

NEF + 6 


' NEF = 5 
NEF = 2 
NEF 

NEF+1 



Table 10'.4, Selection O'f AIF walues for aircraft noise. 



(i) AdjuBtment factors of NEF and, NEF - 5 for the 
sound, inisulatlon required in the building 

envelope have been recO'mm,ended by the National 
Research Council .of Canada based particularly 
on a review of st,udle,s related to threshold,s of 
a.nnoyance and speech interference. They are 
related to acceptable indoor noise levels 
equivalent to NEF units and +5 NEF units for 
bedrooms and other rooms respectively. The 
difference of five unite between the two types 
O'f accommodations allows for the desirability 
of having less noise in sleeping accQmmodat,ion 
I bedrooms) »„ 



(e) In the case of road and rail traffic noise,, the 

required AIF for an, e,xterior wall can be obtained. 
using the appropriate section o^f Table 10.5, 



Noise 




Bedrooms 




Living, 


din 


ing, 


recreation 


Kitchen, 


bathrooms 


level of 

building 

wall (dBA) 

60 




















1 














Number of components form 


ng 1 


:he roon- 


1 enve 


lope 






1 


2 


3 


4 


5 


1 


2 


3 


4 


5 


1 


2 


3 


4 5 


22 


25 


27 


28 


29 


17 


20 


22 


23 


24 


12 


15 


17 


18 19 


61 


23 


26 


28 


29 


30 


18 


21 


23 


24 


25 


13 


16 


18 


19 20 


62 


24 


27 


29 


30 


31 


19 


22 


24 


25 


26 


14 


17 


19 


20 21 


63 


25 


28 


30 


31 


32 


20 


23 


25 


26 


27 


15 


18 


20 


21 22 


64 


26 


29 


31 


32 


33 


21 


24 


26 


27 


28 


16 


19 


21 


22 23 


65 


27 


30 


32 


33 


34 


22 


25 


27 


28 


29 


17 


20 


22 


23 24 


66 


28 


31 


33 


34 


35 


23 


26 


28 


29 


30 


18 


21 


23 


24 25 


67 


29 


32 


34 


35 


36 


24 


27 


29 


30 


31 


19 


22 


24 


25 26 


68 


30 


33 


35 


36 


37 


25 


28 


30 


31 


32 


20 


23 


25 


26 27 


69 


31 


34 
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Table 10.5. AIF required for Road and Rail Traffic Noise Cases. 
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(f) It can be seen from Tables 10.4 and 10.5 that 

additional adjustments apply tO' thO'Se outlined in 
(d)Ci) above when there is mO're than one coimponent^ 
namely; three points have to be added where there are 

two components; five and six points have to be added 
where there are three and four components respec- 
tively. These adjustments are made because as more 
components are added to the exterior room envelope^ 
the total insulation is reduced.. 

(g) In the case of a commercial development or industrial 
building having office space, the Noise Assessment 
Unit advises that the AIF computed for "other rooms'"' 
as above be reduced by 5 AIF units in order to^ 
account for the decreased sensitivity of offices as 
compared to living rooms (as discussed in 
Chapter 14) . 

(h) The computed AIF must be adjusted for noise source 

geometry as described in Section 6.4. 

(i) The tabulated values of AIF were evaluated using a 
particular source spectrum and typical room 
absorption values. The source spectrum, includes 
three points for refleetione. The computed value of 
AIF from, subsection, (h) above must then be adjusted 
by subtracting three points from it . 

( j ) Select the appropriate types of windows, exterior 
wall,, ceiling-roof and exteriO'r dO'O'r respectively 
from Tablee 10.6 and 10,9 using the obtained AIF 

value., 'Where the calculated AIF does not correspond 
directly to the AIF value given in the table, the 
ne,xt highest AIF value value should be used. 
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Table 10'. 6 - relates various types of window to AIF. 
Use of the table requires a calculation O'f the 
percentage of the total window area affecting a room 
to the total floor area. 

Table 10,7 - relates various typee of exterior wall 

construction to AIF. Use of the table requires a 
calculation of the percentage of total exterior wall 
area (less window and floors) to the total floor 
area. 

Table 10.8 - relates various ceiling-ro-of construc- 
tions to AIF. 

Table 10.9 - relates various types of eKterior door 
tO' AIF. Use of the table requires a calculation O'f 

the percentage of the total door area affecting a 
rO'Om tO' the total flo'or area of that room. 

Where a window or exterior do^or type has been determined 
in relation to^ more than one rO'Om,. it shall comply with 
the highest insulation standard so calculated. 

Tables 10.6 through 10.9 have been compiled by the 
National Research Council of Canada from laboratory tests 
on various components. These may be revised from time to 
time as methods and standards O'f construction change,, and 

as results of a series of field tests become available and 
are evaluated. 

(k) Where building components other than those selected 
on the basis of AIF (from Tables 10 ..6 through 10.9) 
are included in the building design^ It is essential 
to investigate whether they are acoustically equi- 
valent. Such an evaluation will require estimation 
of the STC value for the proposed equivalent 
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Source: National Researeh Coyncil, Division of Building Research, Jyne ISSO 



ExDlanatorv NoteR- 

1) Where the calculated percentage window area is not presented as a column 

heading, the nearest percentage column In the table value should be ysed. 

2) AIF data listed in the table are for well-fitted, weatherstripped units that 
can be opened. The AIF values apply only when the windows are closed. For 
windows fixed and sealed to the frame, add three (3) to the AIF given in the 

labia,' 

3) If the in!ef;pane spacing or glass thickness for a specific double-glazed 
window Is not listed in the table, the nearest listed value should be used. 

4) The AIF ratings for 9 mm and 12 mm glass are for laminated glass only; for 
solid glass, subtract two (2) from the AIF values listed in the table. 

5) If the interpane spaces for a specific triple-glazed window are not listed in 
the table, use the listed case whose combined spadngs are nearest to the 
actual combined spacing. 

6) The AIF data listed in the table are for typical windows, but details of glass 
mounting, window seals, etc., may result in slightly different performance 
for some manufacturers' products. If laboratory sound transmission loss 
data (conforming to ASTM test method E-90) are available, these should be 
used to calculate the AIF. 

7) For easy reference, glazing dimensions are written In the form 2 (100) 2 
to denote 2 mm glass (100 mm spacing) 2 mm glass in the examples. 



Table 10.6. Acoustic insulation Factor for various types of window 
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Sourc© ■ National Research Council, Division of Building Research, December 1980. 



Explanatory N'Otes : 



1) 

2} 



3} 



4) 

5) 



6) 



Where the caiculated percentage wall area is not presented as a column heading, 

the nearest percentage column in the table should be used. 

The common structure of walls EW1 to EW5 is connposed of 12.7mm gypsum board, 

vapour barrier, and 38 x 89 mm studs with 50 mm (or thicker) mineral wool or 

glass fibre bafts in Inter- stud cavities. 

EW1 denotes exterior wall as in Note 2), plus sheathing, plus wood siding or metal 

siding and fibre backer board. 

EW2 denotes exterior wall as in Note 2), plus rigid insulation (25-30mm), and 

wood siding or metal siding and fibre backer board. 

EW3 denotes simiulated mansard with structure as in Note 2), plus sheathing, 

28 X 89 mm framing, sheathing, and asphalt roofing material. 

EW4 denotes exterior wall as in Note 2), plus sheathing and 20 mm stucco. 

EW5 denotes exterior wall as In Note 2), plus sheathing, 25 mm air space, 

and 100 mm brick veneer. 

EW6 denotes exterior wall composed of 12.7 mm gypsum board, rigid insulation 

(25-50 mm|, 100 mm back-up block, 100 mm face brick. 

EW7 denotes exterior wall composed of 12.7 mm gypsum board, rigid insulation 

(25-50 mm), 200 mm concrete. 

R signifies the mounting of the interior gypsum board on resilient clips. 

An exterior wall conforming to rainscreen design principles and composed of 

12.7 mm gypsum board, 100 mm concrete block, rigid insyfation (25-50 mm), 

25 mm air space, and 100 mm brick veneer has the same AIF as EW6. 

An exterior wall described in EW1 with the addition of rigid insylatlon (25-50 mm) 

between the sheathing and the external finish has the same AIF as EW2. 



Table 10.7. Acoustic Insulation Factor for various types of exterior wall 
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Acoustic Insu 


1 at ion 


Type ©f 


Factor 




Ceiling-Roof 


41 




C1 


44 




C1RorC1D 


47 




C2orC1DR 


49 




C3 


50 




C2D 


52 




C2DR 



Source: Natiorial Research Coyncil, Division of Building Research, December 1980 

Explanatory Notes: 

1) C1 denotes 12.7 mm gypsum board, 75 mm (or thicker) insulation batts, flat 
roof joist and beam construction, built-up roofing. 

C2 denotes 12.7 mm gypsum board, 75 mm (or thicker) insulation batts, typical 
wood roof truss with ventilated attic, sheathing and asphalt roofing. 

C3 denotes paint finish, 150 mm concrete slab, 50 mm rigid insulation, 
built-up roofing. 

2) D signifies the addition of a second layer of 12.7 mm gypsum board. 

R signifies mounting the gypsum board on wooden strapping or resilient clips. 

DR signifies the addition of a second layer of 12.7 mm gypsum board 
mounted on resilient clips. 

3) Wherever possible ventilation openings to attic spaces should be in locations 

not directly exposed to the noise. 



Table 10.8. Acoustic Insulation Factor for various ceiling-roof 
combinations [ only for aircraft noise ]. 
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Souirc©: National Research Council, Division of Building Research, December 1980'. 



Expianatory Notes: 



1) Where the calculated percentage door area is not presented as a colymn heading, 
the nearest colunnin in the table should be used. 

2) All prime doors must be fully weatherstnpped. 

3} Dl denotes 45 mm hollow core wood door (up to 20% of area glazed). 

D2 denotes 45 mm glass-fibre reinforced plastic door with foam or glass-fibre 

insulated core (up to 20% area glazed). 

D3 denotes 35 m.mi solid slab door. 

D4 denotes 45 mm steel door with foam or glass-fibre insulated core. 

D'5 denotes 45 mmi solid slab door. 
4) sd denotes storm door of wood or aluminum witfi openable glazed sections. 
The AIF values apply when the glazed sections are closed. 



rable 10.9. Acoustic Insulation Factor for various types of exterior door. 



10 - 41 

component and comparison to the STC value for the 
component selected from the appropriate Tables 10' . 6 
through 10.9. The proposed component is considered 
acO'Ustically equivalent if its STC num_ber is equal or 
greater than the STC value for the component 
calculated from the tables. 

6.2 Associated, Ventilation Requiremente 

The A IF values are based on conventional windows and doors 
closed and fully weatherstripped. The effectiveness of 
sound insulation is considerably reduced if windows and 

doO'TB are op^ened and left open. 

Since the insulation criteria may not be met when windows 
are opened and in order to provide natural ventilation and 
remove heat build-up in the room, provision for 
alternative natural or mechanical means of ventilation ie 

a basic requirement. Details of the required ventilation 

are presented in Chapter 14.0. 

6 . 3 Effect of Sound Reflections 

Sound reflections by the building facades were discussed 
in Chapter 7. Adjustment factor for the predicted noise 
level in outdoor living areas was also given. The details 
of the reflection guidelines are given in Appendix D. 

Allowance must also be made for the sound reflections 

while specifying the building components. The adjustment 
is to be applied as follows; 

The adjustment applies to all noise sources except air- 
craft noise. The outside noise level near the building 
facade is required to determine ventilation requirements 
as well as to calculate AIF [see Section 6.1,a{ii)]. To 
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account for the reflections from the facade 3-dB- 
adjustments should be added tO' the predicted outs id© 
"free- field" sound level near the building facades. 

6 . 4 Effect of Source Geometry 

The AIF is used tO' select the ap'propriate building 
components if the outside noise level near the proposed 
building exceeds sound level limits (see Chapter S) . AIF 
is a composite numb'er which is determined among others by 
the STC of the building component. The STC of the wall, 
window, rO'O'f ot doo^r ie usually determined by labO'ratO'ry 
methods where the incident sound field is diffused. Such 
a sound field is commonly denoted as Random Incident 
Field. In some instances the sound field ie incident only 
along a narrow' range of angles and the transmission loss 
value may decrease. An example is that O'f an exterior 
wall O'f a single fam,ily dwelling which is perpendicular tO' 
a roadway or a railway track (e.g. exterior surface 2 in 
Figure 10.11). The required AIF values in this case must 
be adjusted accordingly. The proper adjustment values are 
given in Table 10.10. (Also refer to Appendix D.) 

6 . 5 Example 

A worked example is given to illustrate the method of 
determining the building components fO'r adequate sound 
insulation of buildings. The example concerns a proposed 
three bedroom, bungalow. The noise source Is a busy 
regional road. The details of the bungalow are shown, in 
Figure 10.12. 

Bedrooms one and two are chosen for illustrative 
purposee . 
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Angles at whicti sound arrives 
(Osperpendioular to surfaoe) 

60 to 90 degrees 

40 to 90 degrees 

30 to 90 degrees 

to 90 degrees 



Correction 

3 
2 
1 




(The arngylar range best deseribing the dO'miinant 
nois<e source should be used) 

Table 10.10. Correction for source geometry to be added to 

the required AIF. 



Road Way 





(a) 



iH' 



(a) Corner Lot 

1,2 : Exterior Surfaces 

(b) Wrap aroynd Acoustic Fence 



Figure 10.11. Sketch of a corner lot eiposed to the road 
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Figure 10.12. Plin of the proposed bungalow 
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The amount of eound inBulation that is required to 

reduce the exterior sound is calculated first. The five 
steps needed to accomplish thie are presented in Worksheet 
10.1. 

The second stage is to select suitable components using 
the buildings component areas and the required AIF. The 
components are chosen from Tables 10.6 through 10.9. The 
steps required are presented in Worksheet 10.2. 

The eKteriO'r walls and windowB needed are commonly used 
materials that satisfy Ontario Building Code requirements. 
The builder may use any available materials in the market 
as long as the AIF requiremente are satisfied. 

6 . i Multiple Noise Sources 

In the above example, AIF calculation was illustrated 
ueing road traffic as the noise source. In cases where 
mo're than one nodse source impact the development, the AIF 
value for the component is obtained as follows i 

AIF (required) = AIF (Source 1) + AIF (Source 2)+ 

AIF (Source 3)+ 

AIF (Source 4}+ etc. 

where, AIF (Source 1), etc. are the design AIF calculated 

for each individual source and 



+ implies lo^garithmic additions (e.g. 36 + 36 - 39 
and not 72) 

The rule of log additions was explained in Chapter 3. 
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* Source: Road Traffic- 



Predicted Free-Field Sound Level = 62 dBA 

(5dB must be added to the free-field level if the source is Rail Traffic) 



STEP 1 - Determine the noise ievei at the building facade 





WALL 1 


WALL 2 


WALL 3 


WALL 4 


Source 1 


62 


62 


62 


62 


Correction for 
Reflections 


+ 3 


+ 3 
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+ 3 


Correction for 
Shielding 


- 


-3 


- 1 5 


= 3 


Resultant Noise Level 


65 


62 


47 


62 



STEP 2 - Find number of components {ignore if level is under 55dBA) 
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I I I 
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/ 



M. 



Total number 
of components 



Bedroom 1 



K 



Bedroom 2 



u. 



/ 



Bedroom 3 






Basement 



L 



U. 



l£ 



Worksheet 10.1 Oalculation of AIF (page 1) 
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STEP 3 - Find AIF from Table 10.5 





WALL 1 


WALL 2 


Bedroom 1 


- 


27 


Bedroom 2 


32 


29 



STEP 4 - AIF ad|ustments for Source Geometry 
(Table 10.10) 





WALL1 


WALL 2 


WALL 4 


Source Angular 
Ranqe 


0=90 


40-90 


40-90 


Adjiustment 





2 


2 



STEP 5 - Determine the required AIF (Add Step 3 to Step 4) 
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Bedroom 2 


32 


SI i 



STEP 6= Adjusted AIF [See Section 6.1. (i)l 
(Step 5 -3points) 





WALL 1 


WALL 2 


Bedroom 1 


- 
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Bedroom 2 


m 


28 



Worksheet 10.1 Cilculation of AIF (page 2) 
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STEP 1 - Enler Component area 

{only components of exterior walls are to be included in the calculations) 
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8.6 



STEP 2 - Find component peircentages (Use vaiues firom Step 1) 



Bedroom 1 
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Bedroom 2 


51 


19 




86 







STEP 3 - Select components (component % from Step 2, 
and AIF values from Step 6 of Worksheet 10.1) 



Bedroom 1 








EW1 


2'mim 




Bedroom 2 


EW1 


3m.m 




EW1 







Use Tables 
10.6,10.7, 
10.8 and 10.9 



Worksheet 10.2 Selection of Components 
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7.0 INSimATIOM OF HOUSES USING STC METHOD 

The National Research Council of Canada presented an 
alternate method for' choosing appropriate walls, 

windows, etc.. of exterior surfaces in late 1985.. The 
procedure is loosely called here the STC method. The STC 
method has a number of advantages over the AIF method 

discussed in the previous section. 

The STC method, is diecussed in detail in National Reaearch. 
Council of Canada publication BPN 56 (refer to 

BibliO'graphy) called "Control o.f Sound Transmission into 
Buildings'". The details are not presented he.re.. B^oth the 
AIF m,et.hod and the STC m.et.hod are acceptable tO' t.he 
Minist.ry O'f the Environment. 

The m,ethod is based on Sound Transmission Class {STC)^ 
(see Sections 2.0 and 3.. 0'). STC is the most commonly used 
rating method for sound insulation in North America. It 
is better than the .AIF method for the following reasons: 

e The AIF m.ethO'd is based on a single source sound 

spectrum (aircraft noise) whereas the STC procedure 
can be used for six different co'mmon sources found in 

land use and can alsO' be extended for any .source with, 
a kno'Wn. aoun.d. spectrum, without too m.uch difficulty. 

.© The AIF method assum.es typical room absorption values 

based on a reverberation time 0:f 0.. 5 sec. However,, 
recent studies have shown that average reverberation 
tim,e in Canadian homes is 0'.4 sec across the 
frequency spectrum. The STC method, however, allows 
for three different, room absorption values that can 
be used in the calculation. 
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m. The AIF m,ethod assumes that each component of the 

exterior facade transmits the same percentage of the 
outdoor acoustic energy and corrections for dominant 
component are not straightfO'rward. On the contrary, 
the STC method can be used to^ take advantage ol the 
fact that typical walls and ceilings ueually have 
higher STC ratings than windows and doors. 

The procedure outlined (refer to BPN 56) is a simple five 
step method taking into consideration amount of noise 

reduction needed^ source spectrum,, source geometry, etc. 
The method is usually used tO' cho-O'Se relevant components 

O'f the ©Kterior surface. The method can also be used fo^r 
reverse calculation where the noise reduction potential is 
determined from a given set o-f components. The reverse 
procedure is useful in evaluating the effects of 
modification to existing design. 

A computer prO'gram (copies can be obtained directly from 
■MRC) is also^ presented in the document which simplifies 
the use of the STC method. 



MEASlLJRiMENT OF SOIMD AND ¥1 BRAT I ON 



1.0 IffiASUREI^MT OF SOUHD 

In order to^ quantitatively assess the magnitude of noise 
impact, it is necessary to measure the sound pressure 
level. This can be accomplished using a sound level meter 
which is an instrument consisting of a microphone,, an 
amplifier, weighting filters, and an indicating meter. 
The microphone converts eound waves into a corresponding 
electric si'gn,al which is then amplified and modified in 
such a way as tO' provide readings of sound pressure level 
on the indicating meter. Usually, a control, also called 
am attenuator, is provided to adjust the range of sound 
levels that can be^ read, permitting the meter to be used 
for measurements over wide range of sound levels. 

The electronic filters, such as A, B and C-weighting and 

frequency band, are incorporated in the sound level meter 
to assess the effect of noise on people. Usually, the 

A-weighting is used as its response characteristice 
corresponds mO'St closely' to the response of the ear to 
most types of environmental sounde. Some sound level 
meters are also equipped with one -octave or one- third 
octave-band filters to facilitate analysis of the 
frequency content of the measured sound, 

Sound level meters commonly measure the averaged (the 

so-called root mean squared, RM'S) level of the acoustical 
signal, and the response of the indicating meter is 

determined by preselection of one of the meter time 
weighting characteristics, "Slow"' or "Fast". These 
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characteristics determine the time over which the signal 

is integrated to provide an averaged reading. 

One of the primary differences between various sO'Und level 
meters is accuracy.. Technical standards specify four 
types O'f sound level meters s 

Type - PTecision Sound Level Meter - used only for noise 
and vibration measurements in scientific research 
and development as well as for noise emission 
certification. 

Type 1 - Precision Sound Level meter - used only in care- 
fully controlled field environments or in 
laboratory work. 

Type 2 - General Purpose Sound Level Meter 

Type 3 - Survey Sound Level Meter -" rarely used except as 
a quick check on noiae levels. 

The use of Type and Type 3 sound level meters is not 
recommended by the Ministry of the Environment,. 

To verify the reliability of a sound level measurem.,ent,. 

calibration is necessary for each set of data taken. This 
may be achieved by the use of a calibrator, an accurate 
sound source which introduces a reference sound level 

signal into the microphone. The procedure involves 
placing the calibrator over the microphone and adjusting 
the sound level meter until the meter reading corresponds 

to the reference sound pressure level . 

There is a great variety of instruments available on the 

market, and a wide variety of applications to which they 
m,ay be put . 
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2.0 RE¥IEW OF ENVlROMimiTM. NOISE INSIROMPITATION 

2 . 1 General Purpose Sound. Level Meters 

Type 2 meters usually uee piezoelectric microphones and 
have an accuracy of at least 2 dB at 1 kHz, They 

usually incO'rpO'rate the A,, B^ and C weighting filters^ and 

allow in,easurements over a wide range of sound levels. 
Occasionally, octave-band filters and detachable micro- 
phones are also incorpo^rated. Typical examples of Type 2 
Sound Level Meters are illustrated in Figure 11.1 

The make and type of instruments shown are not necessarily 
endorsed by the MLnietry of the Environment. They simply 
represent some common types in current use. 

2.2 Precision Sound Level Meters 

In general,. Type 1 meters are used only in carefully 

controlled field environment or In laboratory work. 
They have accurate microphones O'f either the alr-or 
electret condenser type which may be mounted remO'tely in 
order tO' minimize the effect of the operator and 

instrument case on the incident sound field. Type 1 
meters can measure over a larger range of sound levels 
than the other two types: (Type 2 and 3), and have an 
accuracy of at least 1 '^B at 1 kHz. 

In addition to "Slow"' and "Fast" they are also eguipped 

with . "Impulse" and '''Peak" time- weighting character isticis, 
which enable measurement of impact nodse isuch as forging, 
stamping o^r gunfire noise. 

An overload signal indicator is a coimmon feature for this 
type of meter. 

Typical examples of Precision Sound Level Meters in 
current use are shown in Figure 11,2 



11 - 4 



fl 








wamm rnkmL'tmnm tm^m 



1"^— • 



Figyre 11.1 EMamples of general pyrpose soynd level rpeters 
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2 . 3 Integrating SO'Und Level Meters for Leg Mea.iS.u.remerits 

As deecribed earlier in this Chapter,, the Conventional 

Sound, Level Meters average the acouBtic signal. The 
averaging time is selected by the "Slow", "Fast", 
"Impulse", "Peak", time -weighting characteristics 

incorporated in the meter. 

The Integrating Sound Level Meter simply carries the 
averaging idea a step further by providing a much wider 
choice of averaging times. Instead of being limited to a 
maximum averaging time constant of one second (using 
"Slow" time-weighting characteristic of the meter), an 
integrating sound level meter may be capable of averaging 
over many minutes, hours and even days. 

Another difference between the Conventional and 
Integrating Sound Level Meters is that the latter gives 
the same weight to all the earliest and latest (.and all- 
in between) parts of the acoustical signal, while a 
Conventional Sound Level Meter gives greater weight to the 
more recently occurring part of the sound signal then to 
the older parts {exponential) . It is important to 
r eme:mber' the f ol 1 ow ing ru 1 e s :■ 

- If a sound is constant in level. Conventional .and 
Integrating Sound Level Meters will give identical 
resulta .. 

- If a sound signal fluctuates in level, the Conventional 
Sound Level Meter reading will fluctuate while the 
Integrating Sound Level Meter will average the 
fluctuations and produce an averaged reading. 
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Although a Conventional Sound Level Meter can be used tO' 
measure long-time average level, the operator must sample 
and record many sound level readings while making certain 
that In this sampling process, a significant no'ise event 
is no't missed. Then, he must carry out manually the 
calculations of the average. The Integrating Sound Level 
Meter performs the measurement (integrating samples of 
sound signal) automatically^ improving accuracy and 
reducing the po'ssibility of measurement error. 

Commercially available Integrating Sound Level Meters can 
be classified as being general application or special 

application. The general application inetrume'nte have a 
full range of operating facilities and are usually capable 
of measuring Leg,, maximum sound level and integration time 
(or elapsed time) . Typical eKamples of such instruments 
are shown in Figure 11.3. 

The integration time can be preset for automatic operation 
or controlled manually^ and a pause control is provided to 
inhibit unwanted, noise events and allow integration to be 
taken at various locations. Full facility inBtrumente are 
capable O'f making ordinary sound level measurements using 
various frequency filters and detector characteristics 
(i.e. "Slow"', "Fast", "Impulee", "Peak"). They may also 
be able to operate with plotters, printers and other 
output d e V i c e s . 

The special application integrating sound level meters are 
usually smaller, lower cost instruments intended for 
special industrial and cominunity noise measurements. They 
include many of the features of the general application 

unit but do not provide the full range of frequency 
weighting, detector characteristice and integration time 

presets. Typical examples of special application Integra- 
ting Sound Level Meters are shown in Figure 11,4, 
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Figyre 1 1,3, General application iintegratlnig so^yiodi le¥©l meters 





Figure 1 1.4. Special ap'PlicatiO'n iintegrating sounidl level mielcrs 
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2 .4 Acoustic Calibrators 

In order to obtain reliable results of noise measurements,, 

calibration checks o^f the sound level is required. This 
•ensures the reproductibilitY of the measurement and,, if 
properly carried out, gives correct absolute values. A 
sound level meter can be accurately calibrated by applying 
a reference source, which produces a kno^wn sound level at 
a specified freqU'ency, to the sound level meter 'a 
microphone and adjusting the sensitivity (on the sound 
level meter) until the sound pressure level indicated by 
the meter agrees with the sound pressure level of the 
reference source {calibrator) . This calibration should be 
performed immediately befO're and after measurement on 
location. 

MO'St calibratox'S use an electrical signal tO' drive a 
diaphragm, which serves as a loudspeaker in the calibration 
cavity. Because the calibration level is a function of 
the applied voltage, a regulating circuit is used tO' 
maintain this applied voltage at a constant level. Mo'St 
calibrators of this type operate at 1 kHz. At this 
frequency, the weighting filters have no gain,, offering 
the advantage that a 1 kHg calibrator can be used with the 
sound level meter in the A-weighting mode without using 
any correction factors. An example of a typical 
electrically controlled acoustic calibrator and a sound 
level meter fitted with the calibrator are shown on 
Figure 11.5. 

3.0 MEASUREMENT TECHMIQUES 

When performing acoustical measurements, due consideration 

must be given to the use o^f the sound level meter and tO' 
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FIgyre 1 L5., Acoustic calibrator and sound level ineter 
fitted with the calibrator 
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the relationship between the instrument and the noise 
source. Improper use of the meter will affect the 
accuracy of acoustical measurements. 

The key to operating a sound level meter is to use it in a 
manner that will not alter the sound field being measured. 
Also^ the effect of background noise and meteorological 
conditions should be taken into account to ensure reliable 
measurement results. 

The following is a more detailed discussion of these 
effects: 

3.1 The Effect of Reflecting Surfaces 

When measuring outdoor noise sources, the presence of 
walls, obstructions amd even the operator, can affect 
the sound field of the source. This disturbance can cause 
incorrect measurements. The errors are most marked in the 
frequency range of 200-4000 Hz, when the physical 
dimensions of objects are similar to, or larger than, the 
wavelength of the sound. 

The most effective way to avoid these errors is to select 
measurement sites which are far-removed from any reflect- 
ing surfaces. The meter should be held (or positioned on 
the tripod) away from the operator's body to prevent sound 
reflections. Also the operator must not be located 
between the meter and the noise source. In order to 
reduce errors due to the presence of the operator, the 
sound level meter may sometimes be attached to the pistol 
grip and held at arm's length during the measurements. 
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3 .2 The Effect of Microphone Orientation 

There are two types of microphones used in sound measure- 
ments. The first type of microphone should be pointed 
towards the sound source if the sound field is estimated 
to be coming from one direction. This is known as a free 
field response type. 

The second type of microphone is designed to be pointed at 
right angles to the source (grazing incidence) . These 
microphones are known as random- incidence response types. 

3.3 The Effect of Background Noise 

Background noise can cause errors in acoustical measure- 
ments whenever it is within 10 dB of the noise being 
measured. If the increase in the sound pressure level 
generated by noise source under measurement, compared to 
the background sound pressure level alone, is 10 dB or 
more, the background noise has virtually no effect, and 
the result of measurement is essentially the sound 
pressure level generated by the noise source. However, 
if, for example, the sound pressure level measured in 
the vicinity of a ventilating fan is 66 dBA, and the 
background level at the same location, measured with the 
fan shut off, is 57 dBA or higher, the result of fan noise 
measurement will not be reliable without special 
adjustments. In such a situation, it is best to 
reschedule the measurements until the background level on 
the site drops to below 55 dBA. 

3 .4 The Effect of Meterological Conditions 

Outdoor noise measurements should not be performed in the 
presence of excessive wind, humidity, and outside the 
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temperature range specified by the manufacturer of the 

measuring instrumentation . 

The following llmitatio'ns on mBterological parameters 
during noise meaaurem,ents generally apply: 

(a) wind speed in excess O'f 15 km/hj 

(b) temperature^ outside the range -10'°'C to SO'^'Cj 

(c) relative humidity in excess of 90'%,. 

High wind speeds generate turbulence around the m,icro- 
phone. The turbulence causes preesure fluctuations which 
the microphone senses as sound.. This "pseudo-sound" is 
often of suf,f iciently high level to ,mask the actual noise 
under investigation. 

Also, sound measurements ehould not be attempted under 

conditions of temperature beyond the meter specifications. 
The temperature rainge Ovf operation of the m,eter is usually 
quoted in the instruction manual . 

High humidity conditions can cause measureiient errors. 

Most roeters are not to be used if the humidity exceeds 

90%. ,If condenser microphones are being used, moisture 
can condense between, the diaphragm and back plate making 
measurements unreliable. 

In addition to the above limitations^ it is a good 
practice tO' note the wind direction as the propagation of 
sound in air can be strongly affected by wind, especially 
close tO' the ground surface. 
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4.0 MEASUREMENT OF ¥1 BEAT I ON 

The basic vibration measurement systern, includes a 
transducer^ pre--amplif ier and some means of analyzing 
and displaying the transducer generated electrical output. 
Juet as in sound measurements,, the tranBducer im the most 
critical element in any vibration measurement system. The 
important characteristics of a transducer are the 
sensitivity, the frequency response and the linearity of 
the relationship between indicated and applied vibration 
amplitude at a given frequency. Other considerations are 
sensitivity to vibration in directions other than that 
intended to be measured and sensitivity to the environment 
(temperature, electrical fields, etc.). The associated 
electrical amplifiers, filters, integrators and recorders 
should have adequate frequency response, gain, and 
linearity to ensure that they cause no distortion of the 
O'Utput s i gn a 1 . 



5.0 VIBRATION INSTRTO^NTATION 

The most popular vibration transducer is the accelerometer 
followed closely by the vibr.ation. pick-up, 

5. 1 Ac ce 1 er Qm.e t e r s 

The accelerometer produces an electrical signal, the 
voltage of which is proportional to the acceleration 

experienced, by the device. Sho^wn, in Figure 11.6 are 
several co^mmercially .avaiable accelero.m.eters along with a 
schem.atic showing basic construction, .and active elements. 
B.asically, the accelerom.et.er consists of a mass suspended, 
on a spring between, two piezoelectric crystals. These 
com.ponent.s are encased in a. metal housing and attached to 
a base.. When the assembly is mounted tO' .a vibrating 
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Figure 1 1.6. a) EKamples of commercially available accelerometers 
b) Basic construction of accelerometer 
and active elements 
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surface,, the mass exerts an initial force on the 
crystals that ie proportional to acceleration. From the 
piezoeleetric effect of the crystals, a voltage 
proportional to the acceleration is produced and brought 
out through a connector to small easily attached cables* 
For accelerometers the output voltage sensitivity is 
ueually rated in terms of millivolts per g, where g is the 
acceleration due to the earth* s gravitational field. 
Typical eensitivities for commercially available piezo- 
electric accelerometers range from. 10'-60 mV/g over a wide 
frequency range,. Accelerometers are small,, lightweight, 
need no e,xt,ernal voltage supply and ,have good high, 
frequency response. However, they require a pre-ampHfier 
to suitably condition their output (as do microphones). 

5.2 Velocity Pick-ups 

Velocity pick-ups provide an electrical signal whose 
voltage is proportional to the velocity of the vibrating 
surface to which it is mounted. The device consists 
prim,arily o,f a moving coil surrounded by a permanent 
m,agnet,. As the co'il move.s due to^ the motion o,f the 
pick-up, a voltage is induced which is proportional to 
velocity. The induced signal is brought out through a 
co,niieetor to small easily attached cables. The velocity 
piclc-up has the advantage of not requiring pre-,aiiplif i- 
cation,,. However, velocity pick-ups are large devices 
compared to accelerometers and ext,rem,ely sensitive to 
m,agnet,lc .fields common in industrial environments. They 
have m.oving parts w,hic,h are prone tO' wear and,, due to high 
internal friction, are generally less sensitive than 
compar,able size accelerometers. For all these reasons, 
the accelerometer is considered to be more versatile in 
vibration, measurements. If velocity or dieplacement is 
required, r,ath,er than acceleration,, it can be obtained 
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knowing the vibration frequency, o^r very often the 
conversion to velo^city and displacement from acceleration 

is done electronically using an integrator, so that an 
accelerometer can easily be used for velocity measure- 
ments . 

5 . 3 Vibration Transducer b Mounting 

Perhaps the m,ost critical aspect O'f the use of vibration 

transducers is in the mounting. If the transducer is 
not solidly mounted to the vibrating surface, significant 
measurement erroxs may be expected. 

In Figure 11.7 are sho'wn several common methode.. 

Method 1 Mounting 

This method is the best in terms of frequency response, 
apprO'aching a condition co^rresponding to the actual 
calibration curve supplied with accelerometer , If the 
mounting surface is not quite smooth, it is a good idea to 
apply a thin layer of silicon grease to the surface for 
threading down, the accelerom,eter . This increases the 
mounting stiffness. It is essential whenever using a 
mounting screw not to tighten it fully, as one may 
introduce base bending affecting the sensitivity O'f the 
accelerometer. 

Method 2 Mounting 

This method is convenient when electrical iso'lation 
between the accelerometer and vibrating body is necessary. 
It employs the isolated stud and a thin mica washer. The 

frequency response is go-od due to the hardness of the 
mica. 
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Figure 1 1.7. Common metliods for mountlrig accelerometers 
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Method 3 Mounting 

This method employs a thin, layer of wax" for sticking the 

accelerometer under the vibrating surface. Surprisingly, 
this method yields a very good frequency response due to 
the stiffness of the wax. Caution is required, however, 
above ro'Om temperature, as the wax melts and the method 
fails. 

Method 4 Mounting 

This method employs a probe with interchangeable round and 
pointed tips. The method may be convenient for certain 
applications but should not be used for frequencies much 
higher than 1,000 Hz. 

Method 5 Mounting 

This method employs a permmnent magnet which also gives 

electrical isolation from, the vibrating specimen. A 
closed magnetic path is used and there is virtually no 
magnetic shield at the accelerometer position . This 
mounting should not be used for acceleration amplitudes 

higher than about 200 g or temperatures above 100®C.. 

Method 6 Mounting 

This method is convenient when a cemanting technique is 

approp'riate. If the bond is good,, the frequency response 
of the transducer is alsO' good. 

Some care must be given to avoid cable "whip". Here some 
method of clamping the electrical output, cable to the 

surface .must be found to avoid high, level whipping motion 
of the cable relative to the accelerometer. If not 
attached securely, the cable will o^ften e.xperience fatigue 
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failure at the terminal. Usually either wax, tape ox' 
glue,, as illustrated in Figure 11.. 8, will be adequate,, 

5.4 Pre- amplifier 

This condponent 'Of the vibration measurement system 
increases the level of the transducer signal an provides 
and impedance matching device between the transducer and 
signal-processing equipment. Most transducer manufac- 
turers supply an aseortment of pre-amplif iers as optional 
equipment. For thO'Se measurement situations where long 
cable lengths are required, a charge type pre-amplif ier le 
etrpngly recommended along with careful attention to the 
manufacturer * s guidelines and directions. 

5 . 5 Vibration Pro-cessing and Analysis Equipment 

The processing and analysis equipment for vibration 

equipment is essentially the same as that fox sound 
measurement. It includes an amplifier, frequency filters, 
a detector, an overload indicator and an indicating 

meter . 

The amplifier provides the dual function of matching the 
high electrical impedance of the filters and adjusting the 
signal level to meet relatively narrow dynamic range of 
the detector circuitry. It is protected by an overload 
indicator that guarantees that the signal is not distorted 
frora over driving the amplifier circuits. The detector 
determines which of the signal parameters RM:S, Peak or 
Average is displayed on the meter. Usually it will be the 
power content of the signal that is of interest and, 
therefore, the RMS value of the signal is needed from the 
detector. An example of a typical vibration meter is 
shown in Figure 11.9. Tunable filters and graphic 
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Figyre 1 1.8. Location of cable clamping to avoid cable whip 
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Figure 1 1.9. Close-yp of general pufpose vibration meter 
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recorders are available for making permanent recO'rds for 

future c ©mpar i s one .. 

A sound level meter can also^ be used as a vibration meter 
as shown in Figure 11.10. With this systeii, octave band 

frequency analysie of vibration can be obtained and dis- 
played in the s,ame manner as for sound. Tape recording of 
the signal from the output of the sound level meter allowB 
the vibration signal e to be taken back to the laboratory 
for narrow-band analysis or any other further processing., 

S. 6 Vibration Calibrators 

Every vibration transducer is individually calibrated 
accompanied by the calibration chart. However, in 
normal use, vibration transducere can be rough handled 
which m^ay result in significant change in characteristics. 
When dropped onto a concrete floor from hand height a 
vibration transducer can be subjected to a shock of many 
thousands of g's. It is, therefore, reeonimended to make a 
periodic cheek of the sensitivity calibration to determ,ine 
if the transducer is not damaged. 

The most reliable method of calibration check is to use a 

calibrated vibration source designed to vibrate the 
transducer at a known amplitude and frequency. A typical 
vibration calibrator is sho'wn, in Figure 11.11. It has a 
small built-in shaker table and a generator which can be 
adjusted to vibrate at predetermined amplitude under 
accurately controlled frequency. The sensitivity calibra- 
tion of a transducer is checked by fastening it to the 
shaker table and noting the output when vibrated at 
calibration frequency and amplitude. Calibration accuracy 
is usually within +2% when used carefully. 
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Another application for the po^rtable calibrator is the 

checking of a complete measuring or analyzing set up be- 
fore the measurements are made. 



CHAPTER 12 



WORKSHOP 1 



1.0 PROGRAM 

1.1 Use a general purpose sound level meter to obtain 

on-site sound level measurements. 

1.2 Obtain Leg values of traffic noise using various 
measurement techniques . 

1.3 Associate sound levels and hum,an response through 
d i r e c t exp er i enc e , 

1.4 Evaluate land use planning concepts fo^r nodse control 
effectiveness , 

1.5 Evaluate architectural designs for noise control 
effectiveness . 



2-0 SUMBIARY OF PROPOSE ON-SITE ACTIVITIES 

All trainees will be taken to various sites in Toronto to 
view eKamples of the results o^f architectural deeign/ 

planning of residences. The sites have been selected to 
provide the trainees with an opportunity to observe the 
effects of noise on,: 

(a) developments not desiigned/planned with regard to 
noise; and 

(b) developments designed/planned with regard to noise. 
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Trainees will be required to complete worksheets during 

the course of the day.. The worksheet instructions will 
require the trainee to: 

(a) describe the land use o-f the site visited and that of 
neighbouring sites; 

(h) identify ©Kisting dominant or potentially dominant 
nolise sources, if anyi 

(c) measure noise at relevant locations using the sound 
level meter provided; 

(d) comment on the suitability of the designated usage of 
the area in the light of the noise meaeurement 
results I and 

(e) describe the features of the design or plan which 

EITHER could have been introduced to control noise 

to more acceptable levels and indicate likely 
benefits (not only for noise), 

OE have been introduced to control noise to more 
acceptable levels, and indicate the likely 
benefits in noise reduction (using the SLMs) 
and in other terms . 

Note : Trainees are rem,inded that the worksheets will form 
part of their final assessment. 
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WORKSHOP 2 



1.0 SECTION A 

1 . 1 Program 

Assess the noise impact from a nearby transportation 
facility on a site propoaed, for residential development 
by: 

1.1.1 using one or mo're O'f the prediction techniques 
which are available to determine the nois.e levels 

due to ground transportation; and 

1.1.2 comparing the predicted noise levels to the 
appropriate sound level limits to determ,ine the 
excess above the lim,it. 



2.0 SECTION B 

2 . 1 Program 

2.1.1 Evaluate the magnitude of noise impact on various 

designated areas of a residential development 
adjacent tO' a transpo'rtation corridor. 

2.1.2 Analyze physical techniques capable of reducing the 

noise impact on the development and investigate 
feasible alternatives. 
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2.1.3 Evaluate the ef fectivene,sE of the proposed noise 
abatement measures necessary to protect outdoor 
recreational spaces on the site. 

2.1.4 Investigate insulation requirements fo^r the 
proposed buildings and selection of adequate 
building components capable of reducing outdoo'r 
noise to the recommended maximum indoor nodse 
levels. 



CHAPTER 14 



LAiro USE PLANNING PROCEDURE 



1.0 BOmm LE¥EL LIMITS Al© MINIilUM REQUIRE CONTROL 
MEASURES 

The various sound level lim,its affectiiig the proposed 
land use development were discussed in Chapter 6. The 
Ministry publication NPC 131, "Guidelines for Noise 
Control in Land use Planning", containing the limits is 

published in the Model Municipal Nodse Control By-Law. 

The sound level limits provide a basis for the design O'f 

noise control measuree needed in new land use plans. The 

noise control measures, if needed^ are designed to provide 
a comfortable living environment both in the outdoor 
living area as well as the indO'Or living area, 

A simple definition of the O'UtdO'Or living area is as 

follows, (For complete definition,, please see Ministry 
Publication NPC-131.) The outdoor living area is a 

backyard space (sheltered from noise) specifically used 

for recreational purposes. The suggested outdoor living 

2 2 

area siEes are 56 m (600' ft ) for single family homes; 

2: 2 " 2 

46 m ' (500 ft ') for semi-detached units; and 37 m 

2 
(400 ft ) per unit for rowhousing. 

Note : The Ministry does not object tO' having front yard 
living areas per se as long as the local 
municipality or regional municipality approves the 
same. 

The position of the Ministry on balconies as outdoor 
living areas is outline below. 
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B'alco'nies are treated: 

(i) NO't as outdoor living areas if any O'f the following 

c ond i t i on e exist : 

(a) not part of the floor space, 

{b} Indoor- outdoor sheltered living areas for 

communal use are provided in the complex, and 
(c) if the depth is less than 4 m. 

(ii) Ae outdoor living areas for all other cases. 

No mitigation measures are required for case (i) and a 
provieion of a warning clause would suffice. Mitigation 

measures are required for case (ii), but implementation 
difficulties must be borne in mind. Compromises may be 
worked] out depending on the noise excess, implementation 
feasibilities, etc. 

The above position is discuesed in .an, internal memorandum,. 

which is reproduced, in Appendi,x F. 

The minimum ,noise control measures that would be accept- 
able to the Ministry are listed below. The list is broken 

dO'Wn, depending upon the type of noise source. 

1 . 1 Road and Rail Traffic 

1 - 1 - 1 Control Measures for Outdoor Living Areas 

The sound level is determ,ined either through predictions 
or from measurements with appropriate corrections during 
daytime ,hou,rs. 

If the sound level is less than or equal to 55 dB,A, no 
mjeasu,res are required. 
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If the BO'Und level is between 56 and 60 d,BA, either a 
warning clause ( Clause 1) is to be provided or physical 
control measures are to be designed. 

If the sound level is greater than 61 dBA,, m,itigation 
measures are required to reduce the level to 55 dBA. Only 
in cases where the acoustically required phyeical measures 

contravene local zoning by-laws or otherwise objected tO' 
by the municipality as impractical, would the Ministry 
allow an excess of 5 dBA with a warning clause (Clause 2), 
and control measures to^ reduce the level tO' 60 dBA, If a 
barrier is used as a physical noise control, measure, its 
height must be such that the line of sight between the 
source and the receiver is broken. 

1.1,2 Control Measures for Indoor Liiving Areas 

The indoor reguirements apply to two different time 
periods and are: 

1.1.2.1 Night Time Period 

The sound level is determined (either through prediction 

or measurements with appropriate co'rrections) outside bed- 
room windows . 

NO' control measures are necessary if the sound level is 
less than or e^qual to 50 dBA. 

If the sound level is between 51 and 60 dBA, alternate 
means of ventilatiO'n is required with a warning clause 

(Clause 3). Alternate means of ventilation usually 
consists O'f a f'orced air heating with the ducts sized for 

future installation of central air conditioning. 

If the sound level is 61 dBA or greater, central air 
conditioning is mandatory with a warning clause 
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(Clause 4). In addition, windows, wall and door 
components must be specified, 

1 .1 ., 2 . 2 Day Time Period 

The sound level is determined (either through prediction, 
or measureiiient with appropriate corrections) outside 
dinning room/living rooii windows. 

Control measures are not needed if the sound level is less 
than o^r equal to 55 dBA,. 

Alternate means of ventilation (as discussed in 

.Section 1.1.2.. 1) is required with a warning clause 
(ClauBe 3), if the sound level is .between 56 and 65 dBA. 

Central air conditioning with a warning cl.ause (Clause 4) 
im m,andatory if the sound level is 66 dBA or greater. 

Note i The wa,rning clauses must be specified with the 
control :m.eaeures. Sample wording .for warning 
Clauses 1 to 4 are given in Appendix G> Sections 
8.1, 8.2, 8.3 and 8.4 respectively. 

1 . 2 Aircraft Flyovers 

The noise im_,pact from aircraft is usually obtained from 

the NEF/NEP number. The NEF'/NEP numbers are usually 
published by Transport Can.ad.a. for various airports in 
Canada. (See Figure 7.3,) 

If the ,NEF/NEP value is 25-27, a warning clause (Clause 1) 
is the only requirement, requested by the Ministry of the 
Environment. The above requirem.ent is not. contained in 
the Provinci.al Policy on Airports. However, the 
requirement is consistent with the general philosophy O'f 
control measures specified in Table 6.5. 



14 - 5 

Alternate means o^f ventilatiO'n {as specified in 
Section 1.1,2.1) with warning Clause 3 is required for 
NEF/NEP values 28 and 29. In addition, window, door, wall 
and roof -ceiling components must be specified. 

If the NEF/NEP value is between 30-35, central air 
conditioning is mandatory with warning Clause 4. In 

addition, window,,, do■o^r, wall and ceiling components must 
be specified. 

Note: The aircraft nodse policy permits residential 

developiient up to and including NEF/NEP value of 
35. The Minietry of the Environment, however, does 

not reco,mmend residential development above NEF/NEP 

values of 30. 



2.0 LJIMD USE POLIiCY, GUIDELINES M© IMPLEMENTATIOll 

The details O'f land use planning process, sound level 
liiiiits and the minimum control measures required have 
been highlighted so far. In this section the implement- 
ation procedures will be outlined briefly. 

The various stages, i.e. draft plan of subdivision, etc., 
at which a particular development prop'O'Sal can. be 
submitted,, were described in Chapters 1 and 2. During the 

process,, the review agencies may deem no^iee a concern and 
require a noise study to^ be prepared priO'r tO' approval. 
The noise study becomee part o^f the implementation 
procedure. 

The implementation guidelines are described below, depend- 
ing on the noise source. 
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2 ,. 1 Land Use Near Airports 

Airport noise concerns are addressed in the Ministry of 

Housing publication "Land Use Policy Near Airporte Based 
on the Noise Exposure Forecast (NEF) SYSTEM", March 1978, 

revised April 1980!. The publication is produced in full 
in Appendix C. The basis for using NEF system and its 
relationship to hummn response was presented in 
Chapter 7 . 

The procedure for evaluating land use propO'Sals impacted 
by aircraft noise is outlined in the following steps. 

Step 1 - The proposed development is eubmitted tO' the 
app r o V ing agenc y ., 

Step 2 - The Ministry, after reviewing the proposal, 

requires a noise study to be prepared. 

Step 3 - The noise study is prepared by the proponent Vs 
consultant, to contain: 

(a) NEF;/NEP values Impacting the sitei 

(b) ventilation requirements j 

(c) appropriate warning clauses j 

(d) acoustical installation factor's (AIF) of 
various rooms; and 

(e) suitable choices for the wall, window, door 
and ceil ing c O'mponent s . 

Step 4 - The staff of the Ministry of the Environment 
review the noise study and the subdivision 
agreement . 

Step 5 - 'Building drawings are checked by the coneultant 
and signed under seal that all the components 
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meet the A IF requlreiients of the subdivieion 
agreement . 

Step 6 - B'Uilding permit is issued by the municipality. 

Step 7 - The consultant certifies that the control 

measures have been properly implemented if the 
building inspectors are unable to do so prior to 
occupancy permit. 

Step 8 - Occupancy permit is issued. 

2 .2 Land Use Near Roadways 

The Ministry of Housing publication "Guidelines on Noise 
and New Residential Development Adjacent to Freeways"' 

must be adhered to if the ro^adway is a provincial or a 
municipal freeway. The publication is reproduced in full 
in Appendix H ., 

The following are steps of land use Implementation 
procedures : 

Steps 1 and 2 - Same as in Section 2.1,, 

Step 3 - The noise study is prepared by the proponent's 
consultant. The contents of the noise study 
are: 

(a) the future (at least ten year forecast) 
sound levels for daytime or night time 
periods (using prediction methods in 
Chapter 7); 

(b) physical noise control measures such as 
barriers, distance setback and orientation 
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of the building if needed, to reduce the 
nO'ise level, to^ Ministry criteria; 

(c) ventilation reqiiiremente; 

(d) AIF/STC requirements of building components 

{proceduree outlined in Chapter 10') i 

(e) choice of building components; 

(f) appropriate warning clauses; 
Steps 4 to 8 - Same as in Section 2.1. 

2. 3 Land 'Use Near .Railways 

The procedures for land use planning when the source is 
railway tracks are identical to the ones used in 
Section 2.2 with two modifications to be taken into 

account in the noise study,, as follows: 

(a) The sound level lim,its for indoor living areas are 

40 dBA for bedrooms and 45 dBA for living/dining 
areas. To account for the lo'como'tive noise, a 
penalty of 5 dBA must be used. That is,, the 

predicted eound levels near a building facade (not In 
O'Utdo0',r living areae) must be increased by +5 dBA. 

(b) The exterior walls of structural dwellings near the 
railway tracks shall be built to a minimum of EW5 
(brick veneer) or equivalent construction from the 
foundation to the rafters. 

Note : EW5 is an exterior wall com,posed of 12.7 mm, 

gypsum, board, vapour barrier,,, 38 x 89 mm, studs 
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with 50 mm (or thicker) mineral wool or glass 
fibre batts in inter-stud cavaties plus 

shaathing, 2:5 mm air space and 100 mm brick 
veneer . 

2 . 4 Land Use Hear Industrial Sources (Stationary Noise 

Sources) 

When a eeneitive land use is being propO'Sed, near an 
existing industry in addition to the planning act the 
statutes of the Environmental Protection Act must also be 
adhered to. Even if the development satisfies the sound 
level lim,ite (Including the industry), described in 
NPC 131,, the industry may be held responsible in the 
future under the Environmental P'rO'tection Act for any 
excess noise over the ambient sound (without the 
Industry) . 

There seem tO' be two different methods that can be applied 
depending on the two Acts. Ministry publication NPC-131 
prescribes Leg daytime and night time limits as 55 and 

50 dlA respectively in the outdo"or living areas. Althouigh 
the limits were meant to apply tO' transportation noise 
only,, no distinction has been drawn between that and noise 
produced by industrial or commercial sources. Due to the 
Ministry's responsibilities under the Environmental 
Protection Act,, industrial and commercial noise sources' 
impact Is governed by sound level limits described in 
publication NPC-IOS. NPC-105 is contained in the Model 
Municipal Noise Control By-Law. In many instances the 
most stringent limit in NPC- 105 is applicable implying 
that the subdivision may have to meet a night time Leg of 
40 dBA (i.e. 10' dB lower than the NPC-131 limit). 

One major sol;ution is to separate the two land uses and 
not permit any sensitive land development close to an 
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existing industry. Such a procedure o^f separation 

distance re^guirement m,ay no^t be practicable in, many 
instances . 

A method dealing with the apparent anomalieB in applying 
the two Acts is under preparation by the Minietry of the 

Environment. Once the acceptable procedure is formulated,, 
all concerned parties will be notified under separate 
cover . 

2 . 5 Land Use Near Many Sources 

h single land use development proposal m,ay be impacted 
from, nodse .from ,more than one noise source. A procedure 
was outlined in Chapter 10 to account for many noise 

sources when evaluating the ineulation requirements. 

The implementation procedure will be described by worked 
examples in one O'f the workshop ses.sionB, 

2 . 6 Noise Study Preparation 

As deecr,i,bed in Chapters 1 and 2, a ,nolse study may have 

to be eubm,itted at any of the stages in t,he planning 
process so that an acceptable acO'Uetic environment can be 
achieved for the new land development. The general 
procedures describing the evaluation of noise, its impact 
and mitigation methods on new land use development, were 
outlined so fa,r. The pro-cedures form the basis for the 
prepa,ration O'f the noise study. It becomes necessary to^ 
provide general guidelines ,for' the preparation of noise 
study to meet the Minist,ry's criteria. 

The Region of Peel has cO'mb^ined all the details together 
and have released a d,ra,ft do^cument entitled "General 

Guidelines for the Preparation of Acoustical Reports in 
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the Region of Peel". The document includes in its 

Appendix a sample copy of a noise report. The format 
formulated by the document is acceptable to the Ministry 
and is recommended that a similar format is used by every- 
one who is preparing a nodse study. The draft do-cument ie 

included in Appendix G. 



3.0 lAND USE PLMl REVIEW WI!ra EESPECT TO NOISE 

The preceding discussions In this and previous chapters,, 
preeented an overview 0:f nodse concerns in land use 
process . 

The role of the Ministry as a reviewing agency and the 
review process are described briefly in this section.. The 
approving authorities are the 'Ministry of Municipal 

Affairs and/or the delegated authority. The Ministry of 
the Environment acts as a technical advisor expressing its 
concern with any of the environmental issues including 
noise,, review and assess the noise studies as to their 
acceptability and present the conclusions as recommenda- 
tions tO' the approving authoxl/ties. 

3 . 1 General Review Process for Subdivisions, 
Condominiums , etc . 

The Ministry of the Environment review processes are 
outlined below in steps. 

3.1.1 The approving authority sends a copy of the land 

use proposal to the Ministry of the Environment for 

review when a developer subm,its a proposal. 

3.1.2 The Ministry o^f the Environment prepares initial 
coiiMents as per the flow chart. The flow chart 
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with the three standard conditions for draft 
approval is enclosed in Appendix I, The Ministry 
staff eneures that the proposed plan is in conform- 
ance with official plans/official plan amendments/ 

Eoning by-law, etc. before responding tO' the 
approving author ity . 

3,1.3 The Ministry staff notify the approving authority 
of the initial comments including the recommenda- 
tions fO'r or against draft approval. 

3.1.. 4 After draft approval has been issued. Ministry 
staff will verify that the requested conditions 
have been included in the draft approved plan. 
Otherwise, the staff requests an amendment to 
include Ministry requirements, especially if the 
source is a provincial highway, railway under 
provincial or federal jurisdiction, an airport 
'Under federal or provincial jurisdiction o^r a major 
industry . 

3.1,5 The consultant /proponent is to provide a specified 
numb-er O'f noise reports to municipality in which 
the development is proposed and to the approving 
authority, if a noise study was requested, as a 
condition of draft approval. No time is specified 
for the subml,ssion of the noise reports. However, 
the planning process does not proceed further until 
all the draft conditions are satisfied. After the 
municipality has reviewed the report and found it 
acceptable, it is forwarded tO' the local Ministry 
of the Environment office and a review is requested 
in accordance with the conditions of draft 
approval .. 
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3.1.6 The Ministry staff will review the feasibility 

study Ovr the detailed nO'iee study as required by 
conditions of draft approval. The review details 
are given in subsequent sections. 

If a feasibility study is unsatisfactory to the Ministry, 
the Ministry staff rejects the report and recomniends 

against the plan receiving draft approval until the noise 
concerns are resolved to the Ministry's satisfaction. 

3.2 Feaeibility Study 

When the sound levels resulting from noise impacting the 
site are predicted to be 10 dBA in excess of the Ministry 

criteria, a feasibility study is recO',minended, to be 
prepared and submitted to the Ministry of the Environment 
prior to the Ministry recommending conditions of draft 
approval. The main objectives of the feasibility study 

are to estimate the extent o^f the many physical contrO'l 
measures such ae barriers,, ventilation requirements, 
proper warning clauses and to provide some idea about the 
building component specification. 

The feasibility study permits reassessment of the site 
layout including the roadways, orientation for the build- 
ings, it provides consideration for proper rezoning 
including industrial, commercial,, high, low and medium 
density residential use. The feasibility study enables 
the m.uniclpality to minimize potential land use conflict 
between incompatible land uses. The feasibility study 
also provides a basis where the physical noise control 
measures for the site can be m,inimiEed. The feasibility 
study determines the practicality O'f physical noise 
c on t r O' 1 measures. 

The feasibility study is reviewed by the Ministry staff 
following the check list as shown below. 
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3 ,2.1 Check List of Requirements for Feasibility Studies 

ll — ji 1. Intent of report fpurpose) and relationship to 
^- — '' the planning process; (prepare appropriate 
conditions o^f draft approval) . 
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D 



D 



D 



All repO'rts to quote the file number of the 
approving authority. 

2. Ministry of the Environment criteria fo^r sound 
level limits: 

(a) indoor - Leg - 40 dBA Cbedroom| ; 

(b) outdoor - Leg = 55/50 dBA (outdoor living 
area) • 

3. Identification of all major noiee Bources within 
300 m of the proposed site, including eKisting 

and future sources. 

4. Statements concerning the prediction model (s) 

used. 

5. Statements concerning the traffic information 
used, source of information,, etc. 

6. ■ Noise Control Measures: 

- Indoor - General Statements of Intent; 

- OutdO'Or - General Statements of Intent; 

and demonstration o^f practicability of noise 
control measures . 

7. Warning clause for any residual noise problem 

(excess of 5 dB or less). 
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8. If steps 1 tO' 7 inclusive are satisfactory to 
the Ministry of the Environment, then Ministry 
staff will recO''mmend appropriate conditions for 
draft approval. Otherwise reject report and 
recommend against giving plan draft approval 
'Until noiee concerns are resoLved to the 
M in i St r f * e s at i s f act i on . 

9. Copy of the report to municipality (copy to 

Regional Ministry of the Environment office), 
i.e. the concerned municipal offices should be 
informed, by the proponent as to the reco'mmended 
nodse control measures and intentions . 

Note: Detailed calculations are not required in this 

Study . 

3 . 3 Detailed Noise Study 

If a detailed noise study is submitted to the Ministry for 

review as a part of the draft conditions, the noise study 

is reviewed according: to the check list given below: 

3 . 3 . 1 Check, List of Requirements for Detailed 

AcQustical Reports {La,nd Use Proposals Seeking 
Final Approval) 
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1. Intent of report (purpose) and relationship to 

the planning process; (clear conditions of draft 

approval^ site plan ag,ree,ments, etc.,)- 

All reports to quote the file number of the 

approving authority. Include both the date and a 

copy of the draft approved plan,. 

2. Ministry of the Environment criteria for sound 

level limits: 
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(a) indoor - Leg = 40 dBA (bedroom) 

(b) outdoor - Leg = 55/50' dBA (outdoo^r living 
area) ; 

3. Identification all major noise sources within 
30'Q' m, of the proposed site including both exist- 
ing and future sources. 

4. Statement concerning prediction models (for 
road,, rail, aircraft) used to deteriiine noise 

levels. Include measurements for industrial or 
point-source noise. Give details of prediction 

techniques if different from Ministry of the 
Environment accepted prO'Cedures. 

5. Supply source o^f traffic information (data must 
be accepted by the municipality) : 

fa) traffic volumes [present and liininiuin 10 

years into future (vehicles/day in 
summer) ] ; 

(b) truck percentage {percentage heavy and 

medium, trucks,, buses, etc . ) ; 

(c) posted epeed; 

(d) distance from the roadway to nearest outdoor 

living area o^r proposed lot; and 

(e) (i) stop and go traffic 
(ii) gradient 

(iii) road surface corrections 

(iv) topography 
(v) mult i- storey buildings 
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Recommended NO'lse Control Measures 

'These meaeures must be in accordance with the 
planning objectlvee of the municipality. Has. the 
report identified that the consultant had 
discussed the recommendations with the munici- 
pality and received their acceptance in 
principle? 

fa) Indoor Meaeurea 

(i) If the noise level at the bedroom 

windows is greater than 60 d,BA (i.e.. 
10 dBA in excess of the criteria) , 
then central air conditioning is 
required. Cautionary note about 
location of air cooler condensor 
unit; 

(ii) If noise level is above 50' dlA and 
not greater than 60' dBA, then dwel- 
ling unit has forced air heating 
installed with provisiO'n fo^r central 
air conditioning and cautionary note 
regarding provision for central air 
and location of unit to be added to 
warning clause; 

(lii) Window glazing to be specified 

either as pane thickness and air gap 
ox roinimum STC/AIF rating if noise 
level at window is 60 dBA or 
greater; and 
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(iv) Exterior wall specif icatione to be 
determined and listed if outdoor 
noise level is 60' dBA or greater. 

(b) Outdoor Noise Control Measures 

(i) Acoustical barrlere, bems, berm/ 
b ar r i er c O'lnb' inat 1 ons ; 

(ii) Location, height {relative to fijced 

podnt) of the barriers; 

(iii) Surface mass density of barrier 

(20' kg/m2) . and 

(iv) Size of outdoor living area: 

56 :m^ - detached unit; 

47 m^ - semi-detached unit; 

37 m^ - row or townhouse per unit; 

(v) 'Outdoor living area shielded by 

dwelling unit (front or side yard 
privacy area,, adequately screened)'* - 
easy access tO' outdO'Or living area 
froro inside house; 

(vl) Secondary barriers; 

(vii) Minimum gaps between ho'uses; 

(viii) Height of dwelling unit, i..e.. 1, 1% 
and 2 - s t o r e y , e t c . • and 
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(ix) Noise levels in outdoo'r living areae 

after measures installed are t^o be 
specified. 

7. Warning Clause 

To be used when nodse levels are not attenuated 
or when the levels are reduced to within 5 dBA of 

the criteria. 

- suitable wording - including an additional 
phrase? to cover prO'ifislon for central air 
GO'nditioning and location of air cO'Oled 
condensor unit; 

8. A summary sheet of the noise control measuree 
and conclueions regarding their ef f ectivenese so 

that the requirements can be easily inserted in 
the municipal agreements. 

9. Appendix - showing sample calculations for noiae 
levels and barrier calculations. 

10. Confirmation that a copy of the acoustical report 

has been submitted to the municipality and where 
applicable to the approving autho'rity such as 
regional government or Ministry of Municipal 
Affairs . 



If the noise study is acceptable to the Ministry, the 

staff recommends that the noise control, measures of the 

report be included in the appropriate municipal agree- 
ments. 

Up'on receipt of a fully executed copy of the subdivision 
agreement,, which includes the Ministry approved noise 
control measures, the staff notifies the approving 
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authority that the Minletry recommends the release of the 
draft conditions for noise. In the event that the 
municipal staff are unable to enforce the implementation 
of the approved noise control measures as outlined in the 

subdivisiO'n agreement, a qualified professional engineer 
shall certify that all the drawinge relating tO' noise 
matter are in conformance with the subdivision agreement 

prior to the issuance of the building permit. Sdmilarly, 
the professional engineer should also certify that the 
control measures have been properly installed prior to^ the 

issuance of the occupancy permits. These recommendations 
must be included in the subdivision agreement. 
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1 IHTRODUCTION 

This report is a simplified guideline raanual for the 
prediction of ro'ad traffic noise. It presents the 
procedure required by this Ministry fo^r the prediction 
of equivalent sound levels, 'L,eq,r due tO' road traffic. 
This procedure is to be used fo'r land use planning ,, 
approvals of new installations or abatement.* 

The prediction model is based on an enhanced and 

simplified version of a procedure developed by the U.S. 
Federal Highway' Administration*** Results of studies 
conductad tO' determine the prediction accuracy O'f the 
model on Ontario roadways have indicated that, within the 
limitations described in Sectio'n 4, the average difference 
between the raeasured and: predicted sO'Und levels is about 

2 dBA. 

The manual is structured in the following manners 

Sections 2 and 3 contain step-by-etep instructio'ns o^n 
the method used to calculate sO'Und levels due tO' road 
traffic . 

Section 4 contains limitatiO'ns of the prediction 
model in terms of traffic speed, distance, volum_e and 
topography. 

The fiDa,l sectio'n contains a sample calculation. The 
calculation is performed through the use of tables 
and traffic noise prediction worksheets. 



* In complex situations involving multiple roadways, 

multiple shielding mechanisra,s and/or varying 
topoigraphy, it is more appropriate to utilize a 
computer program available from the Noise Assessraent 
Unit, Ministry of the Environment. 

** Bibliography and theoretical backgro'und are co'ntained 

in a separate document- 
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2 TRAFFIC SOOND LEVEL FOR A SIHGLE ROADWAY 

The fO'llO'Wing procedure shall be used to^ calculate the 
One Ho^ur Equivalent Sound Level at a point O'f reception 
due to traffic on a single roadway. The tables used in 
the Galculations are contained in Appendix A. 

Procedure Sumifnary 



Identify 

Road 
Sactior^ 




Traffic 
Volume 



TrqffiG 
Volume 

Percentagw 



Refer tnce 
Hourly 
Sound 

Level 



Element 

Size 
,(fldijustment 



1 



Oistancf 
Adjustment 



Adiifiitments 



Pavement 

Surface 
Adjistment 



Total 

One Hour 

Equivalent 

Sound Level 



Shiielding 
.Adjustmefit 



2 » 1 Idafi.t.i£iGat.iQn of Romd Sect.iQn,s ( Elements) 

(a) Where a roadway extends for large distances o^n 
either side O'f the point of reception, the 
calculation shall assume that the roadway 
extends, in each direction, at least six times 
the perpendicular distance from the point of 
reception to the roadway centre, 

(b) A roadway of less than four lanes shall be 

represented by a series O'f straight line 
sections along its centre. 



A roadway having a total of four lanes O'T more 
shall be divided into one or more sets of lanes 
for each direct io'n o^f traffic flow. A niaxiraum 
number of four lanes should be included, in one 
set. Each set of lanes shall then be 
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represented by a series 0'£ straight line 
sections alo^ng its centre. 

(c) A secticm of road shall be as long as pO'Ssible 
but short enough tO' ensure that the following 
variables are approximately cO'nstant alO'ng its 
length: 

-»■■ road alignment I 

" road gradient (if heavy trucks are present); 

'- pavement surface type,* 

'- traffic flow co^nditionss 

® total traffic volume 

" traffic composition 

® pO'Sted speed limit 
-^^ attenuation mechanisms: 

* ground absorption 

" shielding 

2 . 2 Sound Level from a Single Road Section f Element) 

'The following calculations shall be used to^ determine the 
One Hour Equivalent Sound Level contributio'n from each 
ro'ad sectiO'n, The method employed in deriving one hour 
traffic volumes from average daily traffic vo'lumes is 
described in Appendix C. 

(a) Traffic Vol/ume 

Traffic volumes can be obtained from the following 
sources ; 

(i) Annual MTC Reports, "Provincial Highways, 

Traffic Volumes" published by the Highway 
Pro^gram Planning Office,, and "Commercial 
Vehicle Travel Data" published by the 
TranspoxtatiO'n Demand Research Office. 
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(ii) Traffic Department of the Local municipal 
O'f f ice . 

(iii) Individual Traffic Volume Count. 

Vehicles sliall be counted for at least 2 
minutes and tlhe time inter'yal of 
observation shall be noted. Th,e total 
traffic volume, in vehicles per hour,, is 
the number of vehicles counted divided by 
the time interval represented as a 
fractiO'n of an hour. 

If the total one hO'ar traffic volume 
based on a traffic co'unt of at least 2 
minutes is less than 40 vehicles per 
hour, vehicles shall be counted fo^r the 
full one hour period. If the full hou,r 
count Is still less than 40 vehicles, 
this noise prediction method is not to be 
used. 

The vehicles cou.sidered shall be placed into one O'f 
the following categoiries: 

* Automobiles - all vehicles having two 
axles and four wheels designed primarily 
ior transpO'Ttation of nine or fewer 
passengers o^r transportatioin of light 
cargo (e.g. vans, light trucks) . 
Generally, the gross vehicle weight is 
less than 4500 kilograme- 

• Medium trucks - all vehicles having two^ 
axles and six wheels. Generally,, the 
gross vehicle weight is greater than 4500 
kilograms but less than 12,00'0 
kilograms.. 
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* Heavy trucks - all vehicles having three 
or more axles and designed for the 
transportation of cargo. Generally , the 
gross vehicle weight is greater than 
12,000 ki 1 og r ams - (Buses, a 1 though two 
axle vehicles, are included in this 
category) . 

(b) Adjusted Volume of Heavy Trucks 

The adjustment shall be made by multiplying the 
percentage of heavy trucks travelling in the up-grade 
direction by an adjustment factor given in Table 1. 
The adjustment shall be applied only where the total 
vertical distance from the bottom to the top of the 
grade is at least 6 metres, and on roads having 
gradients of 2% or more. The adjusted percentage of 
heavy trucks shall then be converted to an adjusted 
vo 1 ume . 

(c) Percentage Trucks (Medium + Heavy) 

The combined volume of vehicles classified as medium 
trucks and heavy trucks (adjusted if required) shall 
be expressed as a percentage of the total hourly 
traffic volume which was determined tn Subsection 
2.2(a) . 

(d) Percentage of Medium Trucks 

The volume of vehicles classified as medium trucks 
shall be expressed as a percentage of the total 
volume of trucks (medium and heavy) determined in 
Subsection 2.2(c) . 
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(e) Reference Hourly Sound Level 

The Reference Hourly Sound Level at the reference 
distance of 15 metres from the centreline of the road 
section and the reference volume of 40 vehicles per 
hour shall be determined using Tables 3 through 6. 
Where the actual percentage of trucks (medium + 
heavy) is not provided r the nearest value shall be 
used. 

( f ) Measurement of Distance 

The distance (in metres) between the point of 
reception and the centreline of the road section 
shall be measured along the shortest line joining the 
point of reception to the centre of the road section 
or its extension. 

( g ) Adjustments 

The following adjustments shall be made to the 
Reference Hourly Sound Level. 

( i ) Adjustment for Traffic Volume 

Table 2 gives the adjustment for traffic volume 
to be added to the Reference Hourly Sound 
Level . 

( ii ) Adjustment for Distance 

Table 7 shall be used to adjust for distance and 
for the type of ground surface between the point 
of reception and the centreline of the road 
section. 
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""Reflective Surfaces" 

Water, ice, asphalt,, gravel, earth or 
other hard-packed siirfaces are sound 
reflective , 

If more than half of the ground surface 
between the centreline of the road 

section and the point o^f reception is 
sound re^flective, the adjustment for 
distance and for the type of ground 
surface shall be determined using the 
sectio'n O'f Table 7 for Reflective 
Surfaces. 'Th,e adjustment shall be added 
tO' the Reference Hourly Sound Level. 

"■Qth,e r Surfaces (Hon - Re flective) " 

If less than half of the ground surface 

between the centreline O'f the road 
section and the point of reception is 
so'und reflective, the adjustment shall be 
dependent on the total effective height. 
The tO'tal effective height shall be 
determined by adding together the height 
O'f the point O'f reception above the 
ground, the effective height of shielding 
between the source and the receptor, 
(typical situatio^ns shown in Table 7), 
and the effective sO'Urce height of road 
traffic obtained from Table 8. The 
adjustment shall be determined using the 
sectio^n of Table 7 fo^r ^Ion-Reflective 
Surfaces and shall be added to the 
Reference Hourly Sound Level. 
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( i i i ) Adjustment fox Ro^ad Element Size 

The adjustment fO'F road element size is based on 
the angle subtended at the point of reception by 
the ro'adway section,, see Table 10. The 
adjustment for road element size will also be 
dependent o^n the majoT' type O'f ground sarfaee 
within the sector. 

"Reflective^ Surfaces" 

Table 9 shall be used to^ determine the 
adjustment for road element size if mox® 
than half of the grO'Und surface within 
the sectO'T is sound reflective, 'The 
adjustment shall be added tO' the 
Reference Hourly Sound Level . 

"Other Surfaces (MO'n-Ref lective)_" ■ 
Adjustment for Mon-Ref lective surfaces is 
considered only if the total effective 
height is less than 10' m. If the total 
effective height equals or exceeds 10 ra 
O'T a barrier separates ro^ad element from 
receptor, adjustment in Table 9 applies. 

Table 10 shall be ased to determine the 

angular relatiO'nship between the road 
sectlo'n and the pol.nt of reception. 
Adjustments fox various coTObinations of 
angles can be determined from 'Table 11. 

Th,e adjustment shall be added to the 
Reference Hourly SO'und Level. 

The minimum value O'f the adjustment 
equals -1 dBA which cO'rrespO'nds tO' a 
subtended angle O'f 180* . 
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( i V ) Adjustment for Paveinent Surface Type 

An adjustment for the effect of road pavement 

surface shall be applied o^nly on road sectiO'ns 
having posted speed limits equal tO' o^r greater 
than 80 km/h. The adjustment shall be obtained 
from Table 12 . 

fv) Adjustments for Shielding 

Shielding can be provided by vegetation, rows of 

hous:es ox by a solid obstacle (barrier) . 

Dense Woods * 

An •adjustraent for the attenuation 

by trees shall be made if and only if the 
woods are very dense, l»e. there 'is no 
visual path between the reGeiver and the 
road section (may not hold for deciduous 
trees in winter) ^ an,d if the trees extend 
at least 5 metres above the 
line-of-sight . Table 13 gives the 
adjustment for shielding provided by 
dense woods. 

Rows o f Ho uses * 

Table 13 gives the adjustment for 
shielding prO'vided by rows O'f houses . 



* 



Ifhen a receiver is shielded by dense woods or rO'Ws of 
houses, the grou,nd surface must be considered 
"reflective" . 
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Baxrlers ** 

Appendix B ehall be used to^ obtain the 
adjustment for attenuatio'n provided by 
any solid obstacle. 

Combined Shielding MechanismB 

Where several types of shieldin,g exist, 
the adjustments are additive up to a 
mascimu'ra attenuation. O'f 20' dBA, In 
addition, the coTObined effects of dense 
woods and rows of houses are only' 
additive up to a maximum of 10 dBA. 

(h) Resultant So^und Level Contribution 

The One Hour Equivalent Sound Level at the point of 

reception due to traffic o^n a road section is the 

Reference Hourly SOiUnd Level as determined in 2 . 2 ( e } 
and adjusted according to 2, 2(g). 

2 . 3 Determina,tiQin, of Total Sound Level 

'The total One Hour Equivalent Sound Level at the point of 
reception due to traffic on a single roadway shall be 
determined by coTObining the sound level contributions from 
each road section using the rule for additio'n oif sound 
levels in Table 14. 



Where two or more barriers intersect the line-of-sight 
between the source and receiver, it is a conservative 
practice to employ only the most effective barrier. 
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3 TRAFFIC SOUND LEVEL FOR MULTIPLE ROADS 

The One Hour Equivalent Sound Level at a point of 
reception due to traffic on multiple roads shall be 
calculated by combining the sound levels resulting from 
each individual roadway as per Section 2. The individual 
One Hour Equivalent Sound Levels from the contributing 
roads shall be combined using the rule for addition of 
sound levels in Table 14. 



4 LIMITATIONS 

The method for prediction of traffic noise described 
herein is not applicable when: 

(i) The distance from the point of reception to the 
centreline of any road section is less than 
10 m. 

(ii) The posted speed limit of traffic is less than 
40 km/h. 

(iii) The hourly traffic volume is less than 40 
vehicles per hour. 

In addition, the prediction accuracy may decrease where: 

the topography is very irregular (e.g. many 

different intervening man-made or natural 

obstructions or substantial variations in ground 

cover) ; 

the distance from the point of reception to the 

centreline of any road section is less than 

15 m; 
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« the roadway "has substantial variatiO'iis in 

alignment (horizon,tal/vertlcal ) or pavement 

surface? 

■■» the roadway features interchanges/intersections, 
raops , etc ; 

« substantial differences exist between the speeds 
O'f cars,, raBdiura trucks an«i heavy trucks- 

posted speed limit Is less than 50 km/h. 

It is advisible to use a compreliensive noise prediction 
model in the above specified cases. 
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5 SAMPLE CALCULATIONS 

This section contains sample calculations of the One Hour 
Equivalent Sound Level, Leq(h) , generated by road traffic. 
The calculations were performed through the use of tables 
and noise prediction work sheets. 

PROBLEM 

Refer to Figure 1. Using the information provided, 
determine the One Hour Equivalent Sound Levels, L^qCh), 
at the receiver due to traffic on the highway before and 
after barrier construction. 

The road is flat (no gradient), infinitely long and paved 
with typical asphalt. The road and the surrounding terrain 
are at the same grade; the ground is non-reflective. The 
receiver is located 1.5 metres above ground. Th,e barrier is 
3 metres high. 

SOLUTION 

The traffic sound levels before and after the barrier is 
constrocted have been calculated on separate work sheets. 
Refer to Figures 2 and 3, 

5 . 1 Before Barrier Sound Level 

STEP I. Since the traffic flow conditions and the 
characteristics of the road and of the surrounding terrain 
are uniform along the length of the highway under 
consideration, the road need not be divided into sections. 
Enter the appropriate lane designations for the two-lane 
highway on Line 1. 
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FIGURE 1 
Conditions On Site 



Infinite Highway 



Centreline- 



mmmmmmm 

Road A 
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<Flat) 



(A) Before Barrier 



30 n 

i 

m 

Beceiver 



Terrain 
(Flat/Non-reflective) 



Section A 

— // H#- 



Section B 



Section C 




(1) Plan View 



(B) After Barrier 



Teirain 
(Flat/Non- reflective) 



Receiver 



^ Receiver 
"^ 1.5 n 




mmMmmmm<mmmmmmm 
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(2) Elevation View 



-M^ 



•12 1 ►] 



Vehicles Per Hour 


Posted 
Speed 

(km/h) 


Passenger 
Cars 


Medium 
Trucks 


Heavy 
Trucks 


910 


20 


70 


80 



(C) Traffic Data 
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Name J. Snithi 



FI6URE 2 Sample Calculation - Before Barrier 
Oate Hay 5, 1986 File LU - 5001 Pioject Oesciiption Roadi ft - Befofe Baiiier 









Road A 






1 


Lanes/Road Section (flefient) 


Ei and UBi 












2 


volufle "AutoModiles (vph) 


S 2. 2(3) 


910 
























3 


Hediuw Trucks (vpfi) 




20 
























4 


Heaw Trucks (vph) 




70 
























5 


Total mium (vpri) 




1000 
























6 


Posted Spctd (k«/h) 




eo 
























7 


Heavf Trucks (1) 




7 


























ifldjustid Htafv Trucks 


S 2= 2(b) 




















— - 






e 


mm Gradient (t) 





























§ 


fldjustient f3cto:r 


laili 1 


























10 


id justed Volune (vph) 




























11 


Mediuft 6 Heavy Trycks (1) 


S 2 2(c) 


9 
























12 


nediyi Tiucics (t) 


S 2. 2(d) 


22 
























13 


RtfeiencE Sound Level (difi) 


Ta&liS 3-6 




Si 
























Effective HeiiMs 




























14 


$mim (s) in} 


Tatoli e 


1.6 
























15 


Receiver (r) (n) 




15 
























16 


Shialdling (t*p) (i) 


Table ? 


























17 


Total ifftctivtt Heipt (i) 


Tabli 7 


3,.1 


























AdjustBents 




























IB 


yolyne (dlfl) 


Table 2 




14 






















11 


Distance («) 




30 
























20 


Beflective (dBA) 


Table 7 


























21 


Noin-reflective (dlA) 


Table 7 




-5 






















22 


Oeiicnt. 1 1 (degriees) 




-90 
























23' 


8 2 (degrees) 




90 
























21 


Riflective (dBfl) 


Table 9 


























25 


iNton-refltctive (dflft) 


fable 11 




-1 






















26 


iPaveBent Surface (diA) 


Table 12 



























27 


ioods (dBA) 


Table 13 


























28 


Rows Of Housts (dils) 


Table 13 




























ianitr Shitlding 




























29 


i 1 (deirces) 




























30 


i 2 (degrees) 
















- 










i 


31 


Pinite iarrier indeK 


Table 11 


























32 


Pith Leng^'th Diffei€nce{n) 


Table 12 


























33 


BarritT Attenuation (dBA) 


Table B2 


























34 


Section Leq(h) (dlA) 






§7 






















35 


Road Le:q!(h) (diA) 


Table 14 




1 
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J. Snitlh 



riGltRE 3 Sample Calculat.io.n - After Barrier 
Oate Wev S,. 19S6 File LU - SD01 Project Oescription Road A - Mtm Barrier 









Section A 


Se€:ti.ofi 1 


Section C 


1 


Lints/Rftad Sectiofi (Eleitiit) 


E8 and WO 




CO and WB 




EB and UB 




2 


miwm -ftytwobiles (vpl*) 


S 2.2Ca) 


910 








flQ 








910 








3 


mAm Ttucte (^Ph) 




20 








20 








20 








4 


mmy Tiycfcs C'VpH) 




10 








101 








10 








5 


Fetal foluiit (vpfi) 




IIWI 








1QQ0 








1000 








6 


Posted Sptti pa/li) 




10 








eo 








80 








T 


HiiMy Tiyds (1) 




? 








1 








T 










Mimm mw Tiucks 


S 2.2(to) 





























Roid SiaiAtrit (i) 































9 


Mlystnait fmm 


fable 1 


























10 


Mmmi mimm tm} 




























11 


mAm 1 Ntaw Tiyelcs (1) 


S 2.2Cc) 


9 








§ 








9 








12 


nedluR Ttycte (D 


s i.zm 


a 








22 








22 








13 




TatJlts 3-i 




51 








59 








59 






IWif^alGt' MNlra LiVcl I'yoMl 




El f tctm HtiflHts 




























14 


Swiiet is} («) 


Tattlt 8 


1.S 








1.6 








1.S 








IS 


ieceiwr (i) (m) 




1.5 








I.S^' 








1,.,5 








11 


mmmm it*&} Cn) 


Tiblt T 










§ 
















11 


Ttlil Cff ^tive fteigM (n) 


Tattle 7 


3.1 








§.1 








3.1 


.... 








Mjtstneits 




























11 


fiUjnt (dtfl) 


TatJle 2 




14 








14 








14 






19 


Ustiiict (i) 




30 








30 








30 








m 


Rtfltctivt (dill) 


Table 1 


























21 


ion-ftfleetlvt (^ii) 


Table 1 




-5 








-3 








-S 






■22 


Cliencfit. i ^ (deiiets) 




-90 








-§0 








60 








n 


8 2 C<tep««s) 




-m 








60 








90 








24 


Rtflictlvt C«A) 


T^lt 9 












"^" 














m 


llofi-refleetivt <tfBA) 


f^lt 11 




-11 
















-11 






m 


Pawenent Syifact («ft) 


Table 12 





























11 


MMiis (dSft) 


Table 13 


























2i 


Rous Of Houses (mfk) 


Tablt 13 




























mrner Shieldino 




























21 


i ^ (ieiites) 












-iO 
















m 


i J C'iftiitcs) 












10 
















31 


rinite 'Baiiiei Index, 


Table 11 










20 
















32 


Pithi iLif»fth i3iffer«rice(ii) 


Table 82 










.148 
















'33 


iariier Attenuation (HM) 


Table i2 












-9 














34 


Section itq(h) CdBi) 






51 








51 








51 






B 


Road Leq(r)) (dBA) 


Table U 




62.5 1 
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STEP 2. Corapaete Lines 2-6 and 8 from, the data given in 
the problem statement. Complete Line 7. The heavy trucks 
are expressed as a percentage of tO'tal volume* 

STEP 3. Determine the adjustment factor fox heavy trucks 
on up-hill grades from Table 1. Enter the adju,stment 
factor O'li Line 9 and the adjusted volura,e on Line 10. In 
the given sample calculation, the road gradient is 0'% and 
no adjustment is required. 

STEP 4. Calculate the percentage trucks (medium + heavy) 
(9'%) as per section 2,2 (c) and enter on Line 11. 

Calculate the percentage of medium trucks (22%) as per 

Section 2.2 (d) and enter on Line 12. 

STEP 5. Determine the Reference Sound Level from Ta^ble 
3, using the data shown o^n Lines 6, 11,,, and 12. Enter 

this reference level (59 dBA) on Line 13. 

STEP 6. Determine the Effective Source Height (1,6 ra) 
from Table 8 and enter on Line 14. Enter the Receiver 
Height (1.5 m) on Line 15. Enter the Total Effective 
Height (1,6 ra + 1 ., 5 m) on Line 17. 

STEP 7. Determine the adjustment for volume from 

Table 2, using the volume of lOO'O' vehicles shown O'n Line 
5. Enter this adjustment (14 dBA) on Line 13, 

STEP 8. Com,plete Line 19 (.30' ra) . Determine the 
adjustment for distance froTO the sectio^n O'f Table 7 for 
non-reflective surfaces using the data shown on Lines 17 
and 19. Enter the adjustment (-5 dBA) on Line 21. 

STEP 9. Refer to Table 10 and determine the angles 0| 

and 02- Enter 0i = -90* and 02 = +90° on Lines 22 and 
23. 
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Determine the ad justraeot (-1 dBA) for road element size 
from Table 11 and enter on Line 25. 

STEP 10, Determine the adjustment ( 0' d,BA) foT paveraent 

surface type froiii Table 12 and enter on Line 26. 

STEP 11. Calculate the resultant sound level, I'eqf'h) 

(67 dBA) and enter o^n Lines 34 and 35. 

5.2 After Barrier Sound Level 

STEP 1. As shown in Figure 1, due tO' the finite barrier, 
the highway must be divided into^ three sections. Refer to 
Table 10 and determine 0i and 02 for each section. 
(i) SectiO'n A 0i = -90'% 02 = -60'* 
(ii) SectiO'n B 0x = -60*,,. 02 = +60" 
(iii) SectiO'n C 0| « +60% 02 = +'9"0'' 

STEP 2. Enter the appropriate lane designations for 
Sections A, B and C o^n Line 1. 

STEP 3, For each road section complete Lines 2-15. The 
entries are identical tO' those recorded tn SectiO'n 5.1. 

C i) Section A 

STEP 1. Complete Lines 17-21 and 26. The entries are 

identical to those recorded in SectiO'n 5.1. 

STEP 2. Enter 0]_ = -90'' and 02 = -60" on Lines 22 and 
23. Determine the adjustment (-11 dBA) fox road element 
size from Table 11 and enter o^n Line 25. 

STEP 3. Calculate the resultant sound level Leq(h) 

(57 dBA) and enter on Line 34, 
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{ i i ) Section B 

STEP 1. Refer to Table 7 and enter the effective height 
O'f shielding (t + p = 6 ra) on. Line 16. Determine the 
Total Effective Height (9.1 m) and enter on Line 17. 

STEP 2. Complete Lines 18, 19 and 26, The entries are 
identical to those recorded in Section 5.1. 

STEP 3. Determine the adjustment (=3 dBA) for distance 
from Table 7 using the data showo on Lines 17 and 19, 

Enter the adjustment on Line 21. 

STEP 4. Enter 0i = -60*' and 02 = + 60' on Lines 2 2 and 

23, Determine the adjustment (-2 dBA) fox road element 
size from Table 9 and enter o^n Line 24. 

STEP 5. Enter 0i = 60'* and 02 ^ +60* on Lines 29 ■and 30' 
Determine the Finite Barrier Index (20) from Table Bl and 

enter on Line 31. 

Determine the Path Length Difference (0.148 m) using the 
figure and formula in Table 12 and enter on Line 32. 

Determine the Barrier Attenuation (-9 dBA) from Table B2 

and enter on Line 33. 

STEP 6. Calculate the resultant sound level Leq(h) 
(59 dBA) and enter o^n Line 34. 

( i i i ) Sectio^n G 

STEP 1. Complete Lines 17-21 and 26. The entries are 
identical tO' those recorded in Section 5.1. 
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STEP 2. Enter 0^ = +60'* and 02 = +90- o^n Lines 22 and 
23. Determine the adjostraent (-11 dBA) for road element 
size from Table 11 and enter on Line 25. 

STEP 3. Calculate the resultant sO'Und level LeqCh) 
(57 dBA) and enter on Line 34. 

(iv) Combined Sound Level 

Calculate the combined Leq(h) (62.5 dBA) for road Sections 
A, B and C using the rule for addition of sound levels in 
Table 14, Enter the road Leq(h) on Line 35. 



5. 3 Barrier InaertlO'ii Loss 

The net reduction in the traffic sO'Und level provided by a 

barrier is called the Barrier InsertiO'n Loss (BIL), i.e. 

BIL = Level (Before) - Level (After} 

In this problem, the barrier insertio'n loss is 4.5 dBA 

(67 - 62.5) . 

Mote : The barrier attenuation and the barrier iosertion 
loss are identical only if (a) the barrier shields the 
entire roadway and (b) the ground surface between the 

source and the receiver is '""sound reflective". 
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APPENDIX A 



T'RAFFIC NOISE PREDICTION TABLES 
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TflBLE 1 

Adi ustment to Percenta g e of Heavy Trucks on Up-Hill Grades 



Road 

iradient 

% 


Adjustment Factor 
( Myltiplicative ) 


to less than 2 

2 to less than 5 

5 to less than 7 

Over 7 


■1 
2 



ftdlustment to the Reference Hourl y Sound Level for Traffic Volume 



Use the nearest listed value when the actual value of voliume is not listed.. 



Hourly 


Adijustiient 


Hoyrly 


Adjystiient 


Hoyrly 


Adjustmefit 


Traffic 


(Additive) 


Traffic 


CAdditive) 


Traffic 


(Additive) 


Volyme 


dBA 


VoluiMe 


dBA 


Volume 


dBA 


40 


1, 


315 


9 


2000 


17 


SO 


1 


400 


10 


2500 


18 


63 


t 


500 


11 


3150 


19 


80 


.3 


630 


12 


40001 


20 


lOOi 


.# 


800 


13 


5000 


21 


12S 


S 


1000 


14 


6300 


22 


160 


s 


1250 


15 


8000 


23 


200 


7 


1600 


16 


10000. 


24 


250 


■» 
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Given the postecll speied limit of traffic in km/h aed the tot.al percentage of 
trycks (including mediuin and heavy trucks), the following Tables 3 and 4 
provide the predicted Reference Hourly Sound Level at 15 m from the 
centreline of a road section with a total traffic volufne of 40 vehicles per 
hour (vph). Use the nearest listed value when the actual value of speed or 
truck percentage is not listed. 



TABLE 3 

Reference Houirly Sound Level in dBfl at 15 m and 40 vph: 
Percentage of Hediuin Trucks in the Range of - 25 %. 



POSTED 




P E 


R 


E M 


TAB 


E 


T R U 


C: tC S 




[MEDIUri+HEAVY) 




SPEED 


























kpi/h 


1 


2 


4 


6 


9 


12 


16 


21 


25 


35 


45 00 80 


1 00 


40! 


48 


49 


51 


53 


54 


55 


57 


58 


59 


60 


61 62 63 


64 


50 


50 


51 


53 


54 


56 


57 


58 


59 


60 


61 


62 63 65 


66 


60 


52 


53 


55 


56 


57 


58 


59 


60 


61 


62 


63 65 66 


67 


70 


54 


55 


56 


57 


58 


59 


60 


61 


62 


63 


65 66 67 


68 


80 


55 


56 


57 


58 


S9 


60 


61 


62 


63 


64 


65 67 68 


69 


90 


56 


57 


S8 


59 


60 


61- 


62 


63 


54 


65 


66 67 69 


69 


100 


57 


58 


59 


■60 


51 


62 


53: 


54 


55 


55 


57 66 6i 


70 



TABLE 4 

Reference Hourly Sound Level in dBA at 15 m and 40_ viphj 
Perctntage of liedlum Trucks in the iRanqe of 26 - 50 %'. 



POSTED 




P E 


R C 


E N 


TAG 


E 


T 


R U 


C K 


S 


(MiEDIUm+HEAVY) 




SPEED 


























km/h 


1 


2 


4 


6 


9 


12 


16 


21 


26 


35 


45 60 60 


100 


40 


47 


49 


51 


52 


53 


54 


56 


57 


57 


59 


60 61 62 


63 


50 


50 


51 


53 


54 


55 


56 


57 


58 


59 


60 


61 62 64 


65 


60 


52 


53 


54 


55 


56 


57 


59 


60 


60 


62 


63 64 65 


66 


70 


53 


54 


56 


57 


58 


59 


60 


61 


61 


63 


64 65 66 


67 


80 


55 


56 


57 


56 


59 


60 


61 


62 


62 


64 


65 66 67 


68 


90 


55 


57 


88 


59 


60 


61 


62 


63 


63 


65 


55 67 68 


69 


100 


57 


58 


59 


60 


61 


62 


63 


63 


64 


65 


66 67 69 


69 
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Given the poisted speed limit of traffic in km/h and the total percsntage of 
trucks (including medium and heavy trucks), the following Tables 5 and 6 
provide the predicted Reference Hourly Sound Level at 15 m from the 
centreline of a road section with a total traffic volume of 40 vehicles per 
hour (vph). Use the nearest value ihen the actual value of speed or truck 
percent age is not listed. 



TABLE 5 



Reference Hourly Sound Level in d'Bfl at 15 m and' 40 vph: 
Percentage of Hiedium Trucks in the 'Range of 51 - 75 %, 



POSTED 




P 


ER C 


E N 


TAG 


E 


T 


R U 


C K S 




[HEDIUM+HEflVY) 




SPEED 


























km/h 


1 


2 


4 


6 


9 


12' 


16 


21 


26 


35 


45 60 SO' 


1 0iO 


40 


47 


48 


50 


51 


52 


53 


54 


55 


56 


57 


58 59 61 


52 


50 


49 


50 


52 


53 


54 


55 


55 


57 


58 


59 


60 61 6Z 


63 


60 


51 


52 


S3 


54 


56 


56 


57 


58 


59 


60 


61 63 64 


65 


70 


S3 


54 


.55 


56 


57 


•58 


59 


60 


60 


62 


63 54 65 


56 


80 


55 


55 


56 


57 


58 


59 


60 


61 


62 


63 


64 65 66 


67 


90 


5i 


57 


56 


56 


59 


60 


61 


62 


53 


64 


65 66 67 


68 


100 


57 


58 


59 


59 


60 


61 


62 


63 


63 


65 


65 67 5S^ 


69 



TABLE 6 





Reference Hourly 


Sound Level in 


dBA, at 15 


m and 40 vph: 








Percentaai3 of nediuffl TrucRs 


in 1 


Lhe Ranqe 


Of 7iB: 


- 100 %. 






















POSTED 


P E R C E N 


T A i i 


T 


RUCK 


S 


(HEOIUM+HEAl/Y) 




SPEFD^ 


















kM/h 


12 4 6 


9 12 


16 


21 26 


35 


45 60 


80 


100 


40 


46 47 48 49 


50 51 


52 


53 54 


55 


56 57 


58 


59 


50 


49 50 51 52 


53 53 


54 


55 56 


57 


58 59 


60 


61 


60 


'51 52 S3 53 


54 55 


56 


57 58 


59 


60 61 


62 


63 


70 


53 53 54 55 


56 57 


58 


56 59 


60 


61 62 


63 


64 


80 


54 55 56 56 


57 58 


59 


50 60 


61 


52 54 


65 


65 


90 


56 56 57 SB 


59 59 


60 


61 52 


63 


64 55 


66 


67 


100 


57 57 58 59 


60 60 


61 


62 53 


64 


65 56 


67 


60 
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TABLE J 



ftdl ustment for Distance from Centreline of Road to Point of Rece ption 



Total 

Effective 

Height 



Perpendicylar Distance from Centreline of Road 
to Point of Reception (m) 



10 15 20 30 40 50 60 80 100 120 150 200 250 500 



All 
Heights 



Height 

1.1 

t 

i 

4 
It 

m 
ttt 

20 
25 
32 
fi 
Si 
60 



idjystpent in dBA for Reflective Surfaces 

-1 -3 -4 -5 -6 -7 -8 -9 -10 -11 -12 -15 



Adjystnient in dBA for Non-Reflective Syrfaccs 



3 





-2 


-5 


-6 


-8 


-9 


-11 


-12 


-14 


-15 


-17 


-18 


-23 


3 





"2 


-5 


-6 


-8 


-g 


-11 


-12 


-14 


-15 


-17 


-18 


-23 


3 





-2 


=5 


-6 


-8 


-9 


-11 


-12 


-14 


-15 


-17 


-18 


=23 


3 





-2 


-4 


-6 


-7 


-9 


-to 


-12 


-13 


= 14 


-16 


-17 


-22 


2 





-2 


-4 


-5 


-7 


-8 


-9 


-11 


-12 


-13 


-14 


-16 


-20 


2 





-i 


-3 


-5 


-6 


-7 


-8 


-g 


-10 


-11 


-13 


-14 


-17 


2 





-1 


-3 


-4 


-5 


-5 


-7 


-8 


-9 


-10 


-11 


-12 


-15 


2 


0! 


-1 


-3 


-4 


-5 


-6 


-7 


-8 


-9 


-10 


-11 


-12 


-15 


2 





~1 


-3 


-4 


-5 


-5 


-7 


-8 


-9 


-10 


-11 


-12 


-15 


2 





-1 


-3 


-4 


-5 


-6 


-7 


-8 


-i 


-10 


— 1 1 


-12 


-15 


2 





- 1 


-3 


-4 


-5 


-6 


-1 


-8 


-9 


= 10 


-11 


-12 


-15 


2 





— 1 


-3 


-4 


=5 


-6 


-7 


-8 


-9 


-10 


-11 


-12 


-15 


2 





-1 


=3 


-4 


-5 


-6 


-7 


-8 


-9 


-10 


-11 


-12 


-15 


2 





-1 


-3 


-4 


-5 


-6 


-7 


-8 


-9 


-10 


-n 


-12 


-15 


2 





"I 


-3 


-4 


-5 


-6 


-7 


-8 


-9 


-10 


-11 


-12 


_1C 



NO B.ARRIER 



SourcS' 



Receiver 

f 



Ssuree 



S>. 



-my-v^y^y^y/. y.y-y/////////////////// 
Effective Heigh!t»s*r 



B/fiRIER 



tip 



Reciiver 
r 



Source 



SARR^ (dtpressed ro«d) 

Receive I 

T 

r 

I. 



Effectivt Meignt-s*t+p*r 




Effective Heioht»s+t*p*r 



iWRIBl (depressed site) 



NOi iW^EB 



m iBARREB 



Source 
T 
s 



Source 



Reoeiver 







^^u>^,yy,y,m 



y.v 



Receiver 



''//////.'7>V,', 

Effective Heag;ht"S*p+r 




'^///.y.'/.yy"/' 

Effective Height »s*t*r 



* Prediction accuracy decreases for distances less Itian IS ii from road centre. 
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TABLE 8 

Effective Source Height of Road Traff i c 



Unadjusted Percentage 
Of Heavy Trucks 
in Total Flow (%) 



Effective Source 
Height (m) 




1 
I 
3 
4 
S 

6*1 
8-9 
10-11 
12-14 
15-17 
18-21 
22-2S 
26-30 
>30 



0.5 
1J] 
■ t, 
.3 
.4 
.5 
.6 
.7 
.8 
,9 
2.0 
2, I 
2.2 
2,3 
2.4 



TABLE 9 



Ad iustment 


for Ro!.3d Element Sizp- Rpfl 


3'C-tive Surfacps 




Subtended 




1 

1 Subtended 




Angle a 


Adjustment 


Angle 


Adjustment 


(degrees) 


(dBA) 


(degrees) 


(dBft) 


180 





50 


-B 


il 160 


-T 


45 


-i 


140 


-1 


40 


.7 


120 


-2 


35 


.' ^T 


100 


-3 


30 


-8 


90 


=3 


25 


-t 


80 


-4 


20 


-10 


70 


-4 


15 


-n 


50 


~5 


m 


-13 


55 


=5 


5 


-,6 
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TflBLE 10 
Ang ular Relationship between Road Eleinents and Receptor Locations 



This table defines the arigylar relationship between a roadway 
eleiiient and a point of reception (observer) in terins of angles 
0i and 0^^ expressed in degrees. 



CASE 1 

0| is negative 

0| is positive 



Road Element 




Point of Reception 



CASE 2 

0^ is negative 

tj is negative 



ROi^*"? Fl pmpnt 




Point of Rec'eption ■ 



CASE 3 
0| is positive 

0| is positive 



Road Elenient 




■ Point of Reception 



SUBTENDED ANGLE of the road elefient at the point of rec'eption: 
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TABLE 1 1 
Adjusteent for Road Element Size: ^Non-Reflecti¥e Surfaces 



RIGHTMOST ROAD ANGLE, ©i 

-90 -80 -701 -60 -50 -40 -30 -20 -10 10 20 30 40 SO 60 70 80 90 



-90 
-80 
-70 
-60 
-50 
-40 
-30 
-20 
-10 

10 
20 
30 
40 
50 
60 
70 
80 
90 



Adjystineiit in dBA 

- -18-14-11 -9 -8 -7 -6 -5 -4 -4 -3 -3 -2 -2 -2 -1 -1 -1 

- - -18-12-10 -8 -7 -6 -5 -4 =4 -3 ~Z -2 -2 -2 -2 -1 -i 

-5 -4 -4 -3 -3 -2 -2 -2 -2 -1 

-S -4 -4 -3 -3 -2 -2 -2 -2 =2 



- -14-11 -9 -8 -6 -6 

- - -14 -10 -9 -7 -6 



- -13 -10 -8 -7 -6 -5 -4 -4 -3 -3 -2 =2 -2 -2 

- - -13 -10 -8 -7 -6 -S -4 -4 -3 -3 -3 -2 -2 

- - - 13 -10 -8 -7 -6 -5 -4 -4 -3 -3 -3 -3 

- - - - -13 -10 -8 -7 -6 -5 -4 -4 =4 -3 -3 

- - - - - -13 -10 -6 -7 -6 -5 -4 -4 -4 =4 

- - = - - - -13-10 -8 -7 -6 -5 -5 -4 -4 

- - " - - = = -13 -TO =8 -7 -6 -6 -5 -5 



'13 -10 -8 -7 -6 

- -13 -10 -9 -8 



13 "10 -9 



•8 



14 -11 -10 -9 

- -14 =12 -11 

- = _-||g ,-j|4 

- - - =18 
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TftBLE 12 
Adi ustment for Pavement Surface T ype 



Pavement Surface Jfpe 


Adjystisent 
(dBA) 


Typical asphalt paveiierit sych as ilC-1 
Open-gradecl friction course 
Dense-graded frictioni coyrse 
Smooth concrete pavement 

* Nei concretie paveiient,, sire brush finish 
» Grooved concrete pavement 




=2.5 
=1.5 
-1 
+6 

+7 



m Mot used on new highways 



TfflLE 13 
fldiuistnient for Dense Woods and Hows of Houses 



DENSE lOODS 


Depth of ioiods betieen 

Source and Receiver 
Cni) 


Attenyation 
(dBA) 


30 

60 


S : 

to 


:N0TC: MaKimum attenuatiO'ini allowed is 10 dBA 


FIRST ROi OF HOUSES 


Percentage of Row 

Occupied b^ Houses 


Attenuation 
(dBA) 


<40! ; 

40-65 ' 

65=90 ; 

>90 


Q 

a 
s 

that of a barrier 


fiOOITIOMi^L mm OF HOUSES 


Apply attenuation of 1.5 dBA for each successive row 
up to^ a 'maximum of 10 dBA. 
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TABLE 14 
.Addition of So.und L evels 



Oiff erence Betieen Higher 
and Lower Sound Levels 


To Obtain the Symi of Tso 

Sound Levels, Add this 
Value to the Higher Level 


(dBA) 


(dBA) 





3.0 


o.s 


3.0 


: 1,0 


2. 5 


1 LS : 


2.5 


1 2.0 


2.0 


2. 5 


2.0 


3. ^ 


2.0 


4,. 


1.5 


5. 


1.0 


' 6. 


1,0 


' 7,0 : 


1.0 


; 8.0 


1.0 


^ 9.0 


0., 5 


: 10. 


Q 


111.0 


© 


12. 


. ft 


13. and up ' 
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APPENDIX B 
CALCULATIOM OF BAERIIR ATTENUATION 



A "'barrier'"' is any solid obstacle, natural o^r man made 
which interrupts the line of sight between the observer 
and the roadway . 

Barriers include su,ch items as elevated/depressed sections 
of romdway, large buildings, solid rows O'f townhO'U,ses, 
existing topographical features, earth berms, walls and 
fences.. All of these obstructions may reduce nO'ise 
•generated by road traffic. 

'The following pro'cedure is used to determine the attenua- 
tiO'n of traffic noise provided by barriers of all types. 
'This attenuation is commonly referred to as ""barrier 
attenuation". The barrier is assumed tO' be parallel to 
the rO'Sdway and to obstruct the observer ' s view o^f the 
road. Calculations fox finite and infinite length 
barriers are contained within this procedure. 

STEP 1. Determine Barrier Extent 

Determine 0i (the leftmost end angle of the barriar) and 
02 (the rightmost en,d angle O'f the barrier). FO'T Example, 
for infinite barriers ,0i is -90* and 02 is +90. 

STEP 2, Determine Finite Barrier Index 

Determine the Finite Barrier Index (FBI) from Table Bl , 
using the values o^f 0j_ and 02. 

For example,, FBI is 9 for an infinitely long barrier. 
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STEP 3. Determine Path Length Difference 

Determine the Path Length Difference (PLD), accO'rding to 
the figure and fO'rraula shown in Table B2 . 

It must be nO'ted that ' DgB ' and 'D'br" 'are hori- 
zo'ntal distances I- therefoire, the sufn of DgB and 
Dq^ shall nO't be necessarily equal to the actual 

sO'Ur c a - r ec e i ve r s epa r a t i O'n d i s t a nc e . 

Path Length Difference shall be calculated to an accuracy 
of at least O'.OOl metres- 

STEP 4« Obtain Barrier AttenuatiO'n 

Determine the appropriate barrier attenuation* from. Table 
B2, using the values of PLD and FBI. 



The calGulated barrier attenuation is accurate tO' 
+1.0 dBA, usoally on the conservative side. The 
erro'r in the barrier attenuation obtained from the 
table can be as high as 4 dBA, fo^r large values of PLD 
and acute angles of the barrier element. Such cases 
are: PLD greater than 4.0' ra,, 02,-01 less than 30' and 
01 less than -70* or 02 m^re than +80* . In these 
circumstances the ba,rrier attenuation cO'Uld be under 
predicted by as much as 4 dBA. Zlevertheless ,,. this 
error has no apprQciable influance on the overall 
result as the co^ntributio-ns from the remaining road 
elements dominate the resulta,n,t traffic noise level 
at the receiver. 
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TABLE B1 
JFiinite Barrier Index for Asyfnfnetric Barriers 





8 2 . The Rightmost End Angle of 


the Barrier (degrees) 




-90 


-80 -70 -60 -50 -40 -30 -20 -10 10 


20 


30 


40 50 60 70 80 


90 


12 3 4 6 7 9 9 9 10 


12 


12 


12 12 14 12 12 


9 


•S -80 


- 5 8 10: 10 14 IS 15 18 18 


19 


19 


19 19 19 19 18 


12 


i; -70 


- - lOi 11 IS 15 18 19 19 19 


19 


19 


19 19 19 19 19 


12 


CD 

„ -60 


- • - 15 18 19 19 19 20 20 


20 


20 


20 20 20 19 19 


14 


5 -50 


- - - - 19 20 20 20 21 21 


23 


23 


21 21 20 19 19 


12 


■S -40 


- - - - - 20 21 23 23 23 


23 


23 


23 21 20 19 19 


12 


^ -30 


------ 23 23 23 23 


23 


23 


23 23 20 19 19 


12 


J ^-20 

m 

-Q m -110 


- - - - - - - 23 23 23 


23 

23 


23 
23 


23 23 20^ 19 19 

23 21 20 19 18 


12 
10 


,Z4 /# 


■" & 

g 3 10 


_ _ _ _, _ _ _ _ « 9J. 


23 
23 


23 
23 


23 21 20 19 18 
23 20 19 19 15 


9 

9 


- Z# 




1 20 




- 


23 


21 20' 19 18 15 


9 


liii 

J 30 




- 


- 


20 20 19 15 14 


7 


1 40 




- 


- 


- 19 18 15 10 


6 


50 


---------- 


- 


- 


- - -15 11 10 


4 






- 


- 


= - - 10 8 


3 


70 




- 


- 


- - - - 5 


2 


■80 




- 


- 




1 




Angular Relationship between Barrier Sections and the Receiver 




Uoac 


'J3y Section Roadway Section 








Roaaway Section 




03TTi 


er 


BaiTier 


Sarrier 


-J ^m 


07 / 


D 






1 


r ^ 

1' « 


1 






f 


i'' 






Becti^er iRtceivir 






Rectlvtr 




i, 


is negative ® i is negative 






®i is positive 




®i 


is negative ®i is positive 






®z is positive 





NOTES: 1) ihere angles are not foynd in the table use tihe nearest listed value. 
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TftJLE B2 

earrler flttenuat.lOin for V arious Values of Finite Barrier Index 



Path Length 

Differ enci 

(m) 


1 


2 


3 


4 


5 


6 


Finite Barrier Index 
7 8 9 10 11 12 14 


15 


18 


19 


20 21 


23 


24 


^ i 
















Barrier Attenuation (diA) 












i 1 

.J. ^ m 


01. 34 


3 


1 


1 


1 








































0. 17 


4 


3 


2 


1 


1 


1 


1 1 


1 


























0. 07 


5 


4 


4 


4 


4 


3 


3 3 


2 


2 


2 1 1 


1 


1 


1 


1 1 










0. 05 


5 


5 


4 


4 


4 


4 


4 4 


3 


3 


3 3 3 


3 


3 


3 


2 2 


2 


1 




0'. 03 


5 


5 


5 


4 


4 


4 


4 4 


4 


4 


4 3 3 


3 


3 


3 


3 3 


3 


3 


« 5 


0, 02 


5 


5 


5 


5 


5 


4 


4 4 


4 


4 


4 4 4 


4 


4 


4 


4 4 


4 


4 


0. 00 


5 


5 


5 


5 


5 


5 


5 5 


S 


s 


5 5 S 


S 


S 


S 


S S 


5 


S 




o.ra 


5 


5 


S 


i 


6 


6 


6 6 


6 


6 


6 6 6 


6 


5 


6 


6 6 


6 


7 




0.10 


5 


6 


6 


6 


6 


7 


7 7 


7 


7 


7 7 7 


8 


8 


8 


8 8 


9 


9 


♦* 


01.17 


6 


6 


7 


7 


7 


7 


7 7 


8 


8 


8 8 8 


i 


9 


9 


9 10 


10 


11 


2 ^ 


0.24 


6 


6 


7 


7 


7 


8 


8 8 


9 


§• 


i 9 9 


9 


10 


10 


10 11 


11 


12 


• 5 


0.28 


6 


7 
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APPENDIX C 

COMPDTATIOH OF LiqCT) 

(BASED' O'M DAILY TRAFFIC ¥0LUM1S) 



In the planning of noise sensitive develO'praents or of 
projects such as roads or industries, dependent on the 
application,, traffic sound levels must be determined; 
(a) over a 24-hour period; (b) over a day or night time 
period, or (c) o^n an ho^urly basis. 

In many cases, the pro'vincial/iiunicipal traffic department 
may not be able to provide traffic data based o^n surveys 
cO'nducted over specific time periods of the 24-ho.ur day. 

The following describes the method which may be used to 
determine the equivalent sound level, ^bo' ^^^ to road 
traffic over various time periods of the 24-hour day using 
the Information on average daily traffic provided by the 
road authority. 

%.» Information Requirements 

^Th,e road authority should be contacted for the following 

data; 

(a) Average Annual Daily Traffic Volume (AADT) and when 

available the Summer Average Daily Traffic Volume 
(SADT); use the higher of AADT or SADT; 

(b) Composition of traffic, i,e,. the percentage of 
vehicles classified by the model as automobiles, 

medium trucks and heavy trucks; and 

(c) Posted Speed Limit (km/h) 
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Future txaffic volumas should be based on traffic 

pro'jections at least 10 years after Gompletiori of tlie 

project or the ultimate Gapacity indicated by the road 
authority. 

2, Method of Calculation 

2 - 1 Method 1; Through Adjustments made to 

Existing/ Future Traffic Volumes 

Since the model predicts the equivalent so'und level, 

Ligqi due to ro^ad traffic over a 1-hour time period, 

the average daily traffic volume (higher of AADT or SADT) 

must be reduced to a O'ne-hour vqlurae for the time peri'Od, 

co^nsidared. 

Th.e following O'ne-hO'Ur traffic vol,u:mes (existiog/ future) 
must be employed in calculating: 

( a) Daily Sound Level (24'-hours) 

volume (1 hr) - a vg . daily vo 1 u:ma 

24 



( b I D aytime So^und Level (07:00 to 2.3;0'0) 

volume (1 hr) - avg. daily volume % Tq 

16 

Wi,e:rei Tq - fraction of daily volume during 
daytime period 
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( c ) Hight-time Sound Level (23; 00 to 7;0'Q')_ 

volume ( 1 lir ) « avg. daily volunie x f^ 

a 

Ifheres T^ « fraction o^f daily volume during 
nigtittime period 

( d ) Hourly Sourid Level 

volume (1 hr) - avg. daily volume x Tt| 

1 

Where: Tg = fraction o^f daily volume during a 
one "hour pe'riod 

'When determining tlie traffic so'und levels over various 

periods O'f tine 24-'hour day, the user must, o^f cours-e,, employ 
the estimated percentage of cars, medium, trucks and heavy 

trucks wTiLcTi. occur during the period under consideration. 

2 .. 2 Method 2; Th.rough Adjustments made to. 

Sound Levels - L eg (24 hr ) 

This raetliod. may be used to determine the equivalent sound 
level, Lgq, due to ro'ad traffic over different time 

periods provided the traffic compositiO'n during the periO'd 
under consideration dO'es not vary greatly from the 
compO'Sition averaged over the entire 24-hour day. 
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( 1) Adjustment for Period of Day 

Once the existing/future traffic sound level, h^^ 

(24 hr), has been determined the foilowing expression may 
be used tO' obtain: 

( a ) Lg, q (16 hr) « Daytime S ound Level 

Lgq (16 hr) = Lgq (24 hr ) + 10 Log (24/16) + 10 Lo^g (x) 

( b ) Le £ (8 hr) - Nighttime Sound Level 

Lgq (8 hr) = Lg^g (24 hr) +10 Log (24/8) +10 Log (x) 

( c ) Leg (1 hr) - Hourly Sound Level 

Lgq (1 hr) = Leq (24 hr) + 10 Log (24) + 10 Log (x) 

In the abO've expressiotis, 

x » fraction o^f daily volume during the 
period considered 

( 2) Adjustments for Future Sound Levels 

The future sound level, LgqCT), for any time period T 

of the 24-hour day may be olitained through application of an 

adjustment (in decibels) to the existing so^und level. 
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The future sound level is given by the expression! 

W 
LeqCT) = LeqfT) + 10 Log (I + R) 

W E 

Ifhere: 

R = Annual rate of change in traffic volume (a fractio'n 

N = Projected tiffle period (in years) 



The above method for determining future sound levels may 
be used only if there is nO' significant difference between 

the fraction O'f the existing daily traffic volume and that 
of the future daily traffic volujme for the period of the 

24-hour day under Gonsideration- 

3 • EKmmples of Typical Variations in Traffic 

Sound Levels During the Day and Might Time Period 

( a ) Arterial Roads 

On raO'St arterial roads the major portion of the daily 

(24 hour) traffic volume, about 90i%, tends tO' occur during 

the daytime period (0^7:0^0 to 23:0'0i). 

The following expressiO'ns indicate the approximate 
relationghlps between the equivalent sound levels over the 
day/ night time periods and the 24-hO'ur equivalent sound. 
level . 

Lgq (16 hr) = L^q (24 hr ) + 1 (day) 

Lgq (8 hr) ^ Lgq (24 hr) - 5 (night) 



A-42 



(b) Highways 

Tfi© typical split between traffic volumes during the day 
and night time periods O'n highways is about 85% (day) and 
15% (night) . 

Th,e equivalent sound levels foe these respective tine 
periods are given by: 

L,eq (16 hr) - Leq (24 hr) + 1 (day) 

Lgq (3 hr) ^ L^g (24 hr) - 3.5 (night) 

( c } Freeways ( Control 1 ed, Hcces s ) 

On sites adjacent to most freeways no signlfieant 

differences are considered between the equivalent soiund 

levels measured over the 16 hour daytime and 8 hoar- 
nighttime periods. 
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APPENDIX D 
TRAFFIC MOISl 
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TRAFFIC NOISE PREDICTIOM iORK SHEET 

^__^_^ file __________ Project Description 
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1 .0 INTRODUCTION ^^ DISCUSSION PURPuSiS 

I .1 General 

The impact of train noise is an important factor to be 

considered when assessing land use compatibility. This 

docu,ment is an instruotion manual that co^ntains the MOE ' s 
recojimended train traffic noise predictio^n prooedure used 
in land use planning. Specifically, it presents the 
calculation procedure that yields the energy equivalent 
sound level, Leg, at a point of reception. 

The prediction method is based on a model contained in the 
Canada Mortgage and Housing Corporation (CMHC) manual 

"Road and Rail loise; Effect on Ho^using, 19'ai". The 
adjustments to the reference level for distance and 
shielding are defined identically to those contained in 
the MOE publication "'Guidelines for Road Traffic Noise 
A,ssessment, July 1986". 

The first part of this manual describes the prediction 
procedure: Section 2 describes the required parametere, 
Section 3 contains step-by-step instructions and Section, 4 
presents the limitations of the prediction model in terms 
of distance and topography. The final section. Section 5,, 
contains a sample calculation performed utilizing a 
standard train traffic noise prediction worksheet., 

The second part of this manual contains a set of 

appendices: Appendix A contains all the prediction tables 
used in the calculation. Appendix B describes the barrier 
attenuation calculatio'n, Appendix C contains all the 
relevant mathematical expressions, Appendix D contains a 
procedural flowchart and Appendix B contains a train noise 
prediction worksheet. 
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1 . 2 Block Diagrain 
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Tlie following block diagram is used to describe the 
.caleulation procedure for the energy equivalent sound 

level for a given time period at a point of reception. 
The full procedural flowchart is presented in Appendix D 
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2.0 PAEAMITERS 



2 . 1 gource/Roceiver Characteristics 



The train noise predict io^n model assumes the source of 
noise to be a line aO'Urce that may be infinite or finite 
depending on the extent O'f the track that affects the 

point of receptio'n (receiver) . The basic sO'Und level 
calculatiorif at a 15 m reference distance, is performed 
for an Infinite line source o^n a reflective grO'Und using a 

reference operating speed and a number of cars and 
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locomotives during a 24-hour period. Subseqaent ly , 
appropriate adjustments for distance, finite track length, 
shielding and for the time period are made. 

( a ) Traffic ParameterB 

The train traffic parameters consisting of the traffic 
volura,e, speed, number O'f locomotives per train and the 
niimber o^f cars per train are essential to the 
calculatio^n. 

( b J Time Period, 

In order to comply with the MO'E"s land use compatibility 
guidelines,, the sO'Und levels must be calculated foe the 
day-time 16-hour period, 07 :00-'23 :00 , and the night-time 
a-hour period, 23:00-07rOO. If only 24-hour traffic 
information is available, estimates of the 
day-time/night-time traffic volume must be used. 

( a ) Moise Source 

frain noise is produced by the engine of a loeomotive and 
by the train wheels and their interact io^n with the rail; 
whistle noise is not considered in this manual. For 
ealculation purposes, the locomo'tive noise sO'Urce is 
considered to be 4 m above ground (rail track) and the 
wheel-rail noise source is co^nsidered to be 0.5 m above 
the track . 

( d ) Receiver 

Fox the outdoor noise level calculat io^n,, the receiver 
height is considered to be 1.5 m above ground. Fo^r 
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the night-time n,oise impact prediction, the receiver is 
noTmally assufiedi to be a second s^torey bedroo'm, windO'W, 
located 4.5 m above ground, 

(e) Separation Distance 

The dietance between the point O'f reception and the center 
line O'f the train track is the shortest line jodning the 
point O'f receptiO'n to the center of the train track. 

( f ) Length of Track 

The length of the track is defined by the angles subtended 

at the point o^f reception and by the separatiO'n distance. 
An infinite track length is defined by -90° and 90*. 

( g I Total Effective Height 

The total effective height is determined by adding 

together the appropriate sO'Urce height ,■ the receiver 
height and the effective height of shielding (see 
Table 4) . 

I h 3 .Reference Sound Level 

The reference sound level is a level at a reference 
distance of 15 m from the centre line O'f the track. 

3 » 2 Topography 

C a 3 Ground Cover 

I i I Reflective Surface 

Water I ice, asphalt, gravel,, earth or other 
hard=packed surfaces are sound reflective. 
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If more than half of the ground .surface 
between the centre line of the train track and 
the point O'f reception is sound reflective, 

the ground surface is considered reflective. 

C i i ) O'ther Surfaces (:Mon=R.ef lective) 

If less then half of the ground surface 
between the centre line of the train track and 

the point O'f reception is sO'Und reflective, 
the ground surface is Gonsidered non- 
reflective. A non=relfective surface affects 
sound propagatioin so that distance attenuatio'n 
may be greater than 3 dB per doubling of 
distance, 

(b) Shielding (Obstructionsl 

The type of shielding can be divided intO' the following 

thr ee cat egor i e s : 

|1| barrier 

(ii) rows of houses 

(iii) dense woods 



3,0 CALCULATION PROCEDURE 

The following contains a detailed calculation procedure 
for the prediction of a cornbined Leg produced by the 

locomotive engine noise and the wheel-rail noise. The 
calculation is for a 24-hour, a 16-hour and an 8-hO'Ur 
period. 
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3 .1 Identification of Train, Types 

C a ) T'eriiii.rioloqy 

The traffic volume on the track must be separated into 
specific train types such as passenger, freiglit, 
switcher* etc. The terminology of the identification has 
bean chosen only for convenience; the prediction model 
distinguishes between train types according to following 
Clau,se (b) ., 

(b) Definition 

A train type shall be defined by the follO'Wing variables, 
i.e. the variables must be approximately constant- 

*' train speed 

number of locomotives per train 
• nunber of cars per train 

3.2 LocofflO'tive Sound Level 



The following ealculatio'n procedure for the predictio'n of 
noise produced by the looomot,ive engine must be repeated 
fox all train types. 

C a ) Reference Sound Level 

The reference locomotive sound level is the level at 15 m 

from the centre line of the track. It is deteriiined 
from Table 1, which gives the sound level fo^r a train 
speed of 80 km/h, and from Table 2, which gives the 

adjustm,ent for the actual speed. 

The above calculation steps must be repeated for all train 

types and the resu,ltant sound levels coimbined using the 
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rule tor addition O'f sO'Ond levels in Table 9. The 
resultant level is the overall reference locomotive sound 
level . 

(b) Adjustment for Distance 

Table 4 shall be used to adjust for distance and for the 

type of ground surface between the point of reception 
and the centre line of the train track. The adjustment 

shall be added to the reference sound level. 

( c ) .Mjustment for Barrier Shielding^ 

Tables Bl and B2 shall be used to adjust the resultant 
sound level produced by all train types for barrier 

attentuatiO'n. The adjustment is additive. 

If the barrier is finite, the track must be divided into 
sections defined by the ang'Iee subtended at the point of 

r ec ept i o^n (see T ab 1 e s 3 and B 1 ) . 

3 , 3 Wheel-Rail Sound, Level 

The following calculation procedure must be repeated for 

all train types. 

( a ) Reference Sound Level 

The reference wheel-rail sound level at 15 m from the 
centre line of the track shall be deterrained using 
Table 3, 

The above calculation steps must be repeated for all train 
types and the resultant so'und levels cO'Hibined using the 
rule for addition, of sound levels in Table 3. The 
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resultant level is the overall reference wheel- rail sO'Und 
level . 

( b ) Adjustment for Distance 

Table 4 shall be used to adjust for distaace and for the 
type of ground surface between the point of reception 
and the centre line of the train track. The adjustni,ent 
shall be added to the reference sound level. 

( G ) Mjustraent for Barrier Shielding 

Tables Bl and B2 shall be used to adjust the resultant 
sO'Und level produced by all train types for barrier 

attentuation. The adjustment is additive. 

If the barrier is finite, the track must be divided into 
aections defined by the angles subtended at the point O'f 

reception (see Tables 8 and Bl ) . 

3.4 Combined SQund Level 

The resultant adjusted sO'Und levels obtained in 
sub-sections 3.2 and 3.3, representing the 10'GOm,otive 
and the wheel'-rail cO'ntributiO'ns,, must be co'mbined using 
the rule for addition of sound levels in Table 9. The 
energy equivalent sound level, Leq* at the point oif 
reception is then obtained by performing the adjustments 
in the following clauses (a), (b) and (c). 

( a ) Adjustment for Ground Surface and Track Length 

An adjustm,ent m,ust be added to the sound level if the 
ground surface is non-reflective or i f the track length 
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considered in tlie calculation is not infinite. The value 
of the adjustiient is given in Tables 6 and 7, for 
reflective and non-reflective surfaces respectively. 

If the track was divided into sectio.ns due to the presence 
of a finite barrier, the contributions from each section 

must be cO'iibined using the rule for additiO'n, of sound 
levels in Table 9. 

C b ) Adjustment for Shielding by Housing and Woods 
( i ) Dense Woods* 

An adjustment for the attenuation by wO'Ods 

shall be made if, and only if, the woods are 

very dense, i.e. that is no visual path 
between the receiver and the track (may not 
hold for deciduous trees in winter), and if 

the trees extend at least 5 m, above the line 
O'f site. Table 5 gives the adjustment fox 
.shielding provided by dense woods? the 

adjustment is additive. 

( i i ) Rows of Houges* 

Table 5 gives the adjust,ment for shielding 
provided by rows of hO'Usesj the adjustment is 
additive. 



♦When a receiver is shielded by dense woods or rows of 

houses, the ground surface must be co^nsidered 
"reflective". 
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i i i i ) Combiified Shielding Adjustment 

The coiTibined attenuation of dense woods and 
rows of houses is additive up to a maximum O'f 
10' dBA. Furthermore, the total adjustment due 

to attenuation produced by barriers, dense 
woods and rows O'f houses, i.. e. 3.2(c) and 
3.4(b), or 3.3(c) and 3..4(b), is limited to a 
maximum of 20 dBA* 

C c I' Time Period Adjustiient 

If the calculation is for 8-hour or 16-hour periods, but 
the sound level values in Tables 1 and 3 have been used, a 
time period adjustment must be added. The value O'f this 
adjustment is: 

" 2 dBA for' the 16-hO'Ur period and 

® 5 dBA for the 8 -hour period. 



4..0 LIMITATIONS 

The method fo^r prediction of train traffic noise described 
herein ie not applicable when the distance from the 

point of reception to^ the centre line of the train track 
is less than 10 m, 

In addition, the prediction accuracy may decrease where: 

(a) The topography is very irregular (eg. many different 
intervening iian-'made or natural obstructions O'f 
substantial elevations in ground cover)? 

(b) The distance from the point O'f receptio'n to the 
centre Line O'f the train track is less than 15 tn , 
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5.0 TRAIN NOISE CALCULATION WORK SHEIT 

This sectiO'n, contains a train nodse calculation work sheet 
and examples of calculations, 

5.1 Work Sheet 



A Mork sheet is enclosed as Appendix E. The work sheet is 
divided into three parts. Parts A and B contain 
loeoraO'tive and wheel-rail calculatiO'ns, respect ively- 
Incloded in Parts A and B are distance and sound barrier 
(acoustic fence and earth berm) shielding adjustments. 
Part C contains the combined locomotive and wheel-rail Leq 
calculation, and adjustments fo^r shielding due to dense 
woods and rows o^f houses, traclc length and time period. 

The general procedure o^n how to use the work sheet is 
detailed below: 

PART A - LOCOMOTIVE NOISE 

Step 1 - Traffic Data 

1., Enter the appropriate traffic infoxmation on lines 1 
to 6. 

M* Complete lines 7 to 9 from, the data given on lines' 3 
to 5, 

Step 2 - O'verall Reference Leg 

1. Determine the sound level, Leq,. at 15 m from the 

track and for train speed of 80 km/h from Table 1^ 

using the data shown on lines 8 and 9. 
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2. Enter the sO'Un,d .level , Leq, on line 10m 

3. Determine the speed adjustment frO'in Table 2 and enter 
on line 11 . 

4. Calculate the reference Leg at 15 m and enter on 
line 12. 

5. Repeat the above (1 to 4) for each, train type. 

€. Calculate the overall reference Leq (all train types) 
and enter on line 13. 

Step 3 - Distance Adjustment 

1. Enter the distance froffl the so^urce tO' the receiver on 
line 14. 

2* Det ermine the source height,, receiver height and 
effectiv'e he»ight o^f ,shield,ing o,n li,nes 15,, 16 and 
17. 

3» Enter the total effective height O'n line 18. 

4. Determi,ne the distance adjustment from Table 4* using 
the data shown on lines 14 and 18, and enter on 
line 19. 

Step 4 - Barrier Shieldi,ng 

1 ,. Refer to Table 8, determine and enter the angles 0j_ 
and 02 on lines 20 and, 21. 

2. Determine the finite barrier index from. Table Bl and 
enter on line 22. 



♦ 
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3. Deterfnine the path lengtli difference usin,g the figure 
*' and foxmula in Table B2 and, enter on line 23. 



4. Determine the barrier attenuation from Table B2 and 
enter on line 24. 

Step 5 -' LocQmO'tive Leg 

2. Determine the loeoiiotive Leq adju,sted for distance 
and barrier shielding and enter on line 25. 

PART B. - WHEEL-RAIL NOISE 



Step 6 - Traffic Data 

1. Copy lines 2, 6 and 7 onto lines 26,, 27 and 28 
respectively. 

Step 7 - Overall Reference Leq 

1, 0#te,rniine the reference Leq at 15 m froii the track 
from. Table .3,, using the data, ehown on li,nes 27 and, 

28. 

2. Inter the reference Leq o^n line 29. 

,3 • Repeat the above (1 a,nd 2) for each tra,in type, 

4. Galcolate the overall reference Leq (all train typesi' 
and enter on line 30, 

Step 8 - Distance Adjustment 

1. Enter the distance from the eo^urce to the receiver on, 
line 31. 



B~i5 om^t 

1,. Determine the soiuxce height, receiver height and 
effective height of ehi elding on lines 32, 33 and 
34 . 

,.i« Enter the total effective height 'On line 35. 

4,., Determine the distance adjuetment from Tabde 4 using 
the data shO'Wn on lines 31 and 35 and enter on 
line 36.. 

Step 9 •- B.arrier Shielding 

1 , Refer to^ Table 8, determine and enter the angles 0i 
and 02 on lines 37 and 38 . 

1, Determine the finite barrier index from Table Bl and 
enter on line 39. 

3* Determine the path length difference using the 

figure and formula in Table El and enter on line 40'. 

4, Deteriilne the barrier attenuation from Table B2 and 
enter on line 41. 

Step 10 - Wheel-Rail Leg 

1,« Detemine the wheel-rail Leg, adjusted for distanee 
and barrier shielding and enter on line 42* 



PART C 

Step 11 - Locomotive and Wh,eel-Rail Leg Before Adjiuetment 

I,: Deteriilne the locomotive and wheel-rail Leg frO'io 

Table 9 using the data shO'Wn on lines 25 and 42 and 
enter on line 43 . 
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OHLt 

Step 12 - Adjustment 

1. Deteriiine the dense woods shielding adjustment from 

Table 5 and enter O'n line 44. 

2. Determine the ro^ws O'f houses shielding adjustment 
from Table 5 and enter on line 45. 

3. Detemine the track length adjustment from, Table 6 or 
7 and enter on line 48 O'r 49. 

4. Determine the time period adjustment and enter on 
line 50. 

Step 13 " Locomotive and Wheel-Rail Leg After Adjustm,e.n,t 

1. Determine the locomotive and wheel'-rail Laq ad justed 
for dense woods shielding,, rows of houses shielding , 
track length and time period and enter on line 50'. 

2.. Repeat the above procedure for as many sections O'f 
the track as required. 

3. Determine the overall Leq for all sections O'f track 
and enter on line 52. 

5 ,2 Ejiauipleg of CalculatiQn 

This section contains ex^amples of calculatiO'ns of the 
equivalent sound level, Leq(h) , generated by train 
traffic. The calculations were performed thro^ugh the use 
of tables and nodse predictiO'n work sheets. 

Problems 



Refer to Figure 1. Using the infO'rmatioo provided, 

determine the daytime equivalent sound levels, Leq, at the 



'!f 
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receiver due to train traffic on the tracic bafore and 

after barrier construction. 

Tlie train track is flat (no gradient), infinitely long. 

The track and the surrounding terrain are at the same 

grade; the ground is non-reflective. The receiver is 

looated 30 m from the centre line of the track and 1.5 m 
abO'Ve ground. The barrier is located 10 m, from, the 
receiver, 5 m high, and finite as shown in Figure 1. There 

are three types O'f trains, freights, passenger and 
transfer . 

Solution 

The train traffic sound levels before and after the 
barrier is constructad have been calculated on separate 
work sheets. Refer to Figures 2 tO' 4. 

Figure 2 shO'WS the calculation for befoce barri-er 
const ructio'n. 

Figures 3 and 4 show the calculations for after barrier 
constru,ctio'n for train track Sections A and B^ 
respectively. 
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IrifinlLe Railroad 

t tttt ttiiinii i HniHnininiJiiniHniii i iininm i iiiMu 



30 m; 



Terriin 
(Filat/Non-reflecllve) 



Recelvir 



(A) Before Barrier 



SicLion A, 
^ 7^^ 



■l:H|:IM:}.ti.|:l:l:iH[|:i 



Infinite Railroad 



Barrier 



(1) Plan View 




Terrain! 
(Flat/Non~reriectl¥e') 



ftectivir 



(B) After Barrier 



Birritr 5 m 




0.5 m 



'^< ^ 20' m = ^ — *j*~" ^'^ ^ 

(2) Elevation View 



Tim© Period 


Tpain Type 


NO'. of Trilns 


No. of Cars 


No. of 
Locomotives 


Speed 

Ckm/ti) 


700 to 2300 
hours 


Freight 

Passengier 

Transfer 


17 
6 
7 


90 

10 
30 


3 
1 

1 


60 
90 

80' 



(C) Traffic Data 
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n.t^ ft.c 1 . lb 



File. 



SftM^rAi 



"If 



Fl^uRc I 

TRAIN NOISE WORK SHEFT 
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Descriptiorii. 



&. 



'i |#%JL fe^A^tU^ 



PART A = LOCOMOTIVE NOISE 



1 


Time Period 






110 t 


%im 


lllwvQ 


2 


Train Type 




Rwi^ 


P«L44IMI|€u 


TwuhI*^ 




3 


No'.. of Trains 




11 




t 




1 








4 


No. of LQCorriotlves/Traiiri 




5 




1 




I 








5 


No. of Cars/Traini 




10 




10 




So 








6 


Typical Train Speed (km/hi 




10 




1. 




1% 








7 


Total No. of Cars 




It30 




40 




XI 








8 


Total No. of Locomolives 




s 




fc 




1 








9 


Average No. of Cars /Loco 




30 




10 




30 








10 


L eq <!* 15m &. 80 km/h (dBA) 


Table 1 




a 




% 




lot 






1 1 


Speed AdjusLminL (dBA) 


Table 2 









1 











1? 


Reference Leq (dBA) 






a 




q 




feo 






13 


Overall Rtferenct Liq (dBA) 


Table 9 




fcl 








M 


Distance Cm) 




SO 








EffecLlve Heloht 










15 


Source Cs) (m) 




•{ 






16 


Pflceiver (r) Cm) 




i.s- 






17 


Shielding (t+p) (m) 










in 


Total EffecUve Height (m) 




S-.S' 






IQ 


Distance Adjyslment CdBA) 


Table 4 




-4 






Barrier Shieldinq 




rJ/A 






70 


} C degree j 










?1 


2 (degrei) 










22 


FiinlLe B'arrier Index 


Table B1 








23 


Path LeinigLhi Differince Cm) 


Table B2 








74 


Barrier Attenuation (dBA,) 


Table B2 








:^'5 


Locomotive Leq (dBA) 






4f 
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26 


Train Type 




Ffuljiit 


^^MkASf^ 


TfUKA..|j«>^ 




27 


Typical Trairi Speed Ckm/h) 




lo. 




1o 


» 


5c 








28 


Total No. of Cars 




IS3o 




to 




aio 








29 


Reference Leq © ISrn CdBA} 


Table 3 




tl 




S'1- 




sS 






30 


Overall Reference Leq CdBA) 


Table 9 




lc\ 






31 


DisLanci Cm) 




30 








Effective Heiahi 










32 


Source (s) Cm) 




D.5 






33 


Reciiver (r) Cm) 




I. ST 






"54 


Shielding (t+p) Cm) 










35 


Toial Effective Height (m) 




a.o 






3i 


Distance AdjusLmeinl CdBA) 


Table 4 




-5 






Barrier Shieldinq 










37 


6 1 (degree) 




H/A 






38 


© 2 (degree) 










39 


Finite Barrier Index 


TibleBI 








40 


Path Length Difference (ml 


Table B2 








41 


Barrier AttenuatiQin , CdBA) 


Table B2 








42 


Wheei-Rail Leq CdBA) 






fcj 





PART C 



43 


Loco &Whtel-RaJI Leq (dBA) 


Tibl© 9 




<ol 




Adjustment 








44 


Oensi Woods CdBA) 


Tible 5 






45 


Rows of Houses (dBA) 


Table 5 








Trick Lenqth 








46 


6 1 (degree) 




-10 




47 


2 (degree) 




+1o 




48 


Reflective (dBA) 


Table 6 






49 


Non-reriecyve ^^^A) 


Table 7 




- 


50 


Time Period (dBA) 






+ 2 


51 


Loco &WhBe!-Rfiil Ltq (dBA) 




ic% 


02 


OvpraM Leq ^dBA) 




U 
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Name. 



Fl&UfiE 3 FOR DiSCU'^ICN PO^^--- 

TRAIN NO'tSE WO'RK SHEET 



PART A - LOCOMOTIVE NOISE 



I 


Timi Piriod 






loo i 


:1S00. h-uui 


2 


Train Type 




I^MijtJt 


?UitM^ 


TnA*»-4|*^ 




3 


No. of Trains 




n 


V ■ ■ 


t 




"7 


- - -f 






4 


No^. of LocomO'tlves/Tirairi 




3 




1 




1 








5 


No, of Cars/Train 




10 




10 




3o 








6 
7 


Typical Train Sp«©d (km/h) 




«0 




10 




to 








Total No. of Cars 




lyio 




^0 




;iio 








8 
9 


To Lai No. of Loconiolives 




s 




(o 




"I 








Average No. of Cars /Loco 




50 




10 




5C 








10' 


L eq «> iSm & 80 ikm/h (dBA) 


Table 1 




U 




5t 




to 






11 


Speed Adjustment CdBA) 


Table 2 









1 











12 


Reference Ltqi CdBA) 






U 




tl 




fco 






13 


Overall iRtference Leq CdBA) 


Table 9 




fcl 






14 


Distance [nri'} 




30 








Efficttvt Heloht 










15 


Source Cs) (m) 




t 






16 


iRiCttiver (r) (m!) 




1.5 






17 


Shielding Ct+p) Cm) 




10 






19 


Total Effective Height Cm) 




s-.s- 






19 


Distance Adjustment CdBA) 


Tabli 4 




-3 






Barrier ShJeldinO' 










'?a 


1 (degree) 




-1o 






21 


2 (degree) 




+(« 






22 


Finite B^irriier Indtx 


Table B1 


It 






23 


Pith Length DiffertncG (m) 


Tahla B2 


O.S-I 






24 


Barrier Attenuation CdBA) 


Table B2 




-11 




25 


■ 
Locofnotlve Leq CdBA) 






n 
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25 


Train Type 




Fimli 


fUt 


PdittUvaw 


Tw^'^-i^r^ 




27 


Typical Trairn Speed (km/h) 




io 




1o 


to 


-f — ' 






28 


Total No. oif Cars 




15^ 




U 


a Id 








29 


Reference Leq # 15m (dBA) 


Tabte 3 




q 


n 




t.1 






30 


Overall Rtference Leq CdBA) 


Table 9 




a 






3! 


DisLance tm] 




^ 








Effective Heiahl 










32 


Source (i| Cm.) 




OS 






33 


Receiver (r) Cm) 




1-5 






34 


Shitldiiig (t+p) (m) 




10 






35 


Total Effectjive Height (m) 




12 






36 


Distance Adjustment CdBA) 


Table 4 




-5 






Barrier Shieldina 










37 


§ \ (dtgree) 




-1o 






38 


2 (degrt©) 




+to 






39 


Finite Barrltr Indtx 


Table B f 


If 






m 


Pith LengtJi Differerice (m) 


Table B2 


\M 






41 


Barritr Attenuation (dBA) 


Tabli B2 




-ly 




42 


Wheel-Rail Leq CdBA) 






b-0 





PART C 



43 


Loco &Whee!-Raii Leq (dBA) 


Table 9 




i'S-t 




Adiustment 








44 


Dense Woods CdBA) 


Table 5 






45 


Rows of Houses CdBA) 


Table 5 








Track L8na:th 








46 


1 Cdegree) 




-10 




47 


2 Cdegree) 




<-feo 




48 


Reflective ■ CdBA) 


Table 6 




-1 


49 


Non-reflective CdBA) 


Table 7 






50' 


Time Period CdBA) 






+ 1 


51 

'32 


Loco ^WheeHRai! Leq CdBA) 




td-'s 


t>/erjll Leq CdBA) 
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TRAIN NOISE WORK SHEET 



■Name. 



Dale Dte 1 ,, Ik— Fi!^ 5flfcJ,i ni^^rriplinni|^ felAaiJA., ^^ Stdbm 6 



PART A - LOCOflOriVE NOISE 



1 


Time PerJod 




100 i ^ 


3oo ki-^^A^ 


2 


Train Type 




fm 


«^t 


PaiitHvyA. 


1WU%4.||JU- 




3 


No. of Trains 




11 




t 


, — ' — 


1 


r- 






4 


No. or Locomotives/Train 




a 




1 




1 








5 


No of Cars/Train 




lo 




10 




30 








6 


Typical Train Speed (km/h) 




»0 




10 




lo 








7 


Tot a] No. of Cars 




Irio 




feo 




IIO' 








8 


Total No. of LocomoLives 




r 




(> 




1 








9 


Averagt No. of Cars /Loco 




50 




|o 




30 








10 


L eq « 15m & 8'0 km/h CdBA} 


Table 1 




fc« 




ft' 




to 






M 


Speed AdjusLment (dBA) 


Table 2 









1 











12 


Reference Ltq (diBA) 






a 




tl 




to 






13 


Overall Reftrtnci L«q CdBA) 


Table 9 




ii 






14 


Distance Cm) 




50 








EffecLive Heloht 










15 


Source Cs) (m) 




4 






li 


Receiver (r) (m) 




1-^ 






17 


Shielding (t+p) Cm) 










la 


Total Effective Height Cm) 




s-s- 






19 


Distance Adjustment CdBA) 


Table 4 




^i 


- 






Barrier Shieldina 




M/A 






?n 


1 (degret) 










21 


2 CdBgree) 










22 


Finite Barrier IndtK 


Tablt B1 








23 


Path Length Difference (m) 


Tabli B2 








24 


Barrier Attenuation (dBA) 


Table B2 








25 


Locomolivii Leq (dBA) 






4S- 
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26 


Train Type 






[M: 


TSlMMmj^ 


YyU4^^ 




27 


Typical Train Speed (km,/h) 




10 




1o 


i 


Sd 








28 


Total Wo. of Cars 




l«o 




to 




alO 








29 


Reference Leq # 15m (dBA) 


Tabfe 3 




fcl 




St 




n 






30 


_ 'Overall Reference Leq (dBA) 


Table 9 




^ 




31 


Disiarce Cm) 




30 








Effective HeiaM 










j; 32 


Source Cs} (m) 




O.s- 






33 


Reciiver (r) Cm) 




I-5- 






3^ 


Shielding Ct+p) Cm) 










35 


Total Effective Height Cm) 




a<6 






36 


Distance Adjustment (dBA) 


Table 4 




-s- 






Barrier Shieldina 




ti/A 






37 


6 1 (degree) 










38 


2 Cdegrte) 










39 


Finite Barriep tndtx 


Table L.l 








40 


Path Length Differeinc© (m) 


Tible B2 








41 


Barrier Attenuation „ CdBA) 


Table iB2 








-42 


Wheel -Rait Leq CdBA) 






M 





PART C 



43 


Loco &Wheel-Rail Leq CdBA) 


Table 9 




^ 




Adiustment 








44 


Denst Woods CdBA) 


Table 5 






45 


Rows of Houses (dBA) 


Table 5 








Track Lenath 








46 


^ 1 (degree) 




^ifi 




47 


i> 2 (degree 1 




^10 




48 


Reflective CdBA) 


Table 6 






49 


Non-reflective CdBA) 


Table 7 




-1 


50 


Time iPertod (dBA) 






+ 2 


51 


Loco .S.Wh«e!=-Rfiil Leq (dBA) 




6i 


C2 


Uverali Leq (dBA) 




to-s- 



-Jf 
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MLL 



CiscubSic:: 



rT- 



J! 



LoOTmotive nol^ level in dBA it 15 m from the track for train spert of 80 km/h 
(Be^ on 24= floor Iraffic volume) 



Total 

number of 
locomotive 


Average iuinier of cars per locomotive 


1-4 


5-11 


12-18 


19-26 


26-32 


33-39 


40-46 


47-53 


S4 


S3 


54 


55 


56 


57 


56 


59 


60 


5 


54 


55 


56 


57 


58 


59 


60 


61 


6 


55 


56 


57 


58 


59 


60 


61 


62 


7-8 


56 


5? 


58 


59 


60 


61 


62 


63 


9-10 


57 


58 


59 


60 


61 


62 


63 


64 


11-13 


58 


59 


60 


61 


62 


63 


64 


65 


H-I7 


59 


60 


6! 


62 


65 


64 


65 


66 


16-22 


60^ 


61 


62 


63 


64 


65 


66 


67 


23-28 


61 


62 


63 


64 


65 


66 


67 


68 


29-35 


62 


63 


64 


65 


66 


67 


68 


69 


36-45 


63 


64 


65 


66 


67 


68 


69 


70 


46-56 


64 


65 


66 


67 


68 


69 


70 


71 


57=71 


65 


66 


67 


68 


69 


70 


71 


72 


72-90 


66 


67 


66 


69 


70 


71 


72 


73 


91-110 


67 


68 


69 


70 


7! 


72 


73 


74 


111-142 


68 


69 


70 


71 


72 


73 


74 


75 


143-180 


69 


70 


71 


72 


73 


74 


75 


76 


181-225 


70 


71 


72 


73 


74 


75 


76 


77 



TMLE 2 
Adjystment to Locomoiive Hmm for Actuil Irifn Sp^ 



Acluel traiii 
spi^l Cknii/ilil 


0-34 


35-43 


44-51 


52-61 


62-74 


75-86 


87-105 


>105 


Adjustmefit 
(iiH) 


-5 


-4 


-3 


-2 


-1 





1 


2 
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TABLE 5 



Wheel -rail noise level in dBA at 1 5 m from the track 
( Basrt on 24- hour traffic volume) 



lotal 
number of 

railway cars 


Train sp^^i C'kini/ti) | 


up 
to 
27 


28 

to 

29 


30 

to 

34 


35 
to 

40 


41 
to 

47 


48 
to 

53 


54 

to 

61 


62 
to 

72 


73 
to 

84 


85 

to 

98 


98 

to 
1 1 1 


112 
to 

129 


over 
129 


up to 70 


45 


46 


47 


48 


49 


50 


51 


52 


53 


54 


55 


56 


57 


71 - 90 


46 


47 


48 


49 


SO 


51 


52 


53 


54 


55 


56 


57 


58 


91 ~ 1,10 


47 


48 


49 


50 


51 


52 


53 


54 


55 


56 


57 


58 


59 


1 1 1 - 1 40 


48 


49 


50 


51 


52 

- 


53 


54 


55 


56 


57 


58 


59 


60 


HI - 180 


49 


50 


5! 


52 


53 


54 


55 


56 


57 


58 


59 


60 


61 


181 - 220 


50 


51 


52 


53 


54 


55 


56 


57 


58 


59 


60 


61 


62 


221 -280 


51 


52 


53 


54 


55 


56 


57 


58 


59 


60 


61 


62 


63 


261 - 350 


52 


53 


54 


55 


56 


57 


58 


59 


60 


61 


62 


63 


64 


351" 440 


53 


54 


55 


56 


57 


58 


59 


60 


61 


62 


63 


64 


65 


441 =560 


54 


55 


56 


57 


58 


59 


60 


61 


62 


63 


64 


65 


66 


561 ~ 700 


55 


56 


57 


58 


59 


60 


61 


62 


63 


64 


65 


66 


67 


701 -890 


56 


57 


56 


59 


60 


61 


62 


63 


64 


65 


66 


67 


68 


89 1-11 20 


57 


58 


59 


60 


61 


62 


63 


64 


65 


66 


67 


68 


69 


1121 = 1400 


58 


59 


60 


61 


62 


63 


64 


65 


66 


67 


68 


69 


70 


1401 - 1770 


59 


60 


61 


62 


63 


64 


65 


66 


67 


68 


69 


70 


71 


1771 = 2230 


60 


61 


62 


63 


64 


65 


66 


67 


68 


69 


70 


71 


72 


2231 -2800 


61 


62 


63 


64 


65 


66 


67 


68 


69 


70 


71 


72 


73 



B=28 



W 



fOR DISCUSSION PURP'uscS 
ONit 



TABLE 4 
Adlustment for Distance from Centre Lire of Troclc to Point of R^ptlon 



Total 




Perpendicular Distance fmn Cenlrelliie of Track J 


Effm:ll¥e 
Height 






to Point of R^^^ptton (in) 




m 








Cm) 


10 


15 


20 30 40 50 60 80 100 120 ISO 200 250 500 


All 






Atfjustment in MA for Reflective Surfecra 




Helglits 


2 





-1 -3 -4 -5 -6 -7 -8 -9 -10 -11 -12 -15 


Heiftit 






Adjustment In dlA for lion-Reflecti¥0 Surfoc 


^' 


1 .5 


3 





-2 -5 -6 -8 -9 -11 -12 -14 -15 -17 -18 -23 


2 


3 





-2 -5 h6 ^ -q -11 =12 -14 -15 -17 -18 -23 


3 


3 





-2 =5 h6 -8 -9 -11 -12 -14 -15 -17 -18 -23 


4 


3 





-2 -4 -6 -7 -9 -10 -12-13 -14 -16 -17 -22 


6 


2 





-2 -4 -5 -7 -8 -9 -11 -12 -13 -14 -16 -20 


8 


2 





-1 -3 -5 -6 -7 -e -9 -10 -11 -13 -14 -17 


10' 


2 





-1 -3 -4 -5 -6 -7 -8-9-10-1 


1 -12 -15 


12 


2 





~1 -3 -4 -5 -6 -7 -8i -9 -10 -1 


\ -12 -15 


m 


2 





,_, _3 ^4 -5 ^ -7 -8 ^9 -io -r 


1 -12 -15 


20 


2 





_l ,=3 _4 .5 .6 -7 ,© -9, -10. =r 


-12 -15 


25 


2 





-1 -3 -4 -5 -6' -7 -B -9 -10 -11 


1 -12-15 


32 


2 





-1 -3 -4 -5 -6 -7 -8 -9 -10 -11 


-12 -15 


40 


2 





-1 -3 -4 -5 -& -7 -8 -9 -10 -V 


1 -12 -15 


50 


2 





-1 -3 -4 -5 -6 -7 -6 -9 -10 -1 


1 -12 -15 


60 


2 





-1 -3 -4 -5 '-6 -7 -6 -9 -10 -1 


I -12 -15 


3 
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El (deprtsifd si 


^^j HO WRBlER HO BflBFSI 
Source 
f ' 


ftec»iv*r 


iU 


i 
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• - -._ 










v^ 






1 Zfi^c 

i 


■. .|...e 'lei 


jH-sH 


^_.^^ £V|)jcii:ue Hei3ihi-9*p*p E'ficliMe ileigih 


■ • • t, • '■ 



* PriBdiction .occurocy d^reases for distances less tlian 15 m from Ir^k centre 
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TABLE 5 
Adiustmerit tor Dense Vyp o d s efid Rows of Houses 



DENSE WOODS 


Deptli of Woods between 
Source anil Receiver 

Cm) 


Atlenualioii 
(dBA) 


m 
m 


5 

to 


[ NOTE: Maximum aittenuatloni allowed is 1 dBA 


FIRST ROW OF HOUSES 


Perccntoic of Row 
Ocoypied by Hoyses 


Attenuolion 
CdBA) 




D 

1 
that of a barrier 


ADD 1 T 1 ONAL ROWS OF HOUSES 


Apply atteniuation of 1 .5 dBA for each successive row 
up to a maximum of 1 dBA. 
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TABLE 6 
Adiustment for T rack Elem^ent Size: Reflective Surfaces 



Subtenclecl 

Angle m 

Cdeirees) 

180 
160 

140 
120 
100' 

90 

BO 

70 

60 

55 



Adlustinent 
(dBA) 


-1 
-1 
-2 

=3 
-3 
-4 
-4 
-5 
-5 



Suibtanidef] 
Ani'le B 

(degrees) 



50 

45 

40 

35 

30 

25 

20 

15 

10 

5 



Adjiistni'ent 
CdBA) 

-i- 
-S 
-f 
*^ 

= 11 * 

-IS 
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imLE 1 

Adlostment for Track Lenoth: Non°Ref lcctive Syrfaces 



RieMTM^T TRftOC AHOLE, ®2 

-90 -iO -70 -iO -SO -40 -30 -20 -10 10 20 30 40 50 60 70 80 90 

idjustiient in mi^ 

-m - "18 -14 -11 -9 -8 -7 -6 "5 -4 -4 -3 -3 =2 -2 -2 -1 "1 -1 

-80 - - -16 -12 -1© Hi -7 -i -5 -4 -4 -3 -3 -2 -2 -2 -2 -1 -1 

,»70i - - - -14 -1i1 -S -e ~S -6 -5 =4 -4 -3 -3 -2 -2 -2 -2 -1 

-aO - ,» - - =14-10 -9 -7 -6 -S -4 -4 -3 -3 -2 -2 -2 -2 -2 

=50 » - - - ^.. -13 -10 -8 -7 -6 -5 -4 -4 -3 -3 -2 -2 =2 "2 

-40! - ^, _ _ - = .-13 -10 -8 -7 -6 -5 -4 "4 -3 =3 -3 -2 "2 

-3Q ..._-„- 13 -10 -8 -7 -6 -5 -4 -4 -3 -3 -3 -3 

.20 ..------. -13 -10 "8 -7 -6 "5 -4 -4 -4 -3 -3 

.H,ip _._--.--- -13 -10 -8 -7 -6 -5 -4 -4 -4 -4 

..----- = -- -13 -10 -8 -7 -6 -5 -5 -4 -4 

Hm „ _..-..---- -13 -10 '-8 -7 -8 -6 -5 -S 

20 - - - - - " - - - - - - -13 -10 -8 -7 -8 -6 -i 

30 - . - - - - - - . ». - - - -13 =10 -9 -8 -7 -7 

40, . - -. - - - - - - - - - - - -13 -10 -i -8 -8 

50 -..--- ^ = - - - - - - - -14 -11 -10 -9 

60 >, = _.--« = -.----- -14-12-11 

70, .„...«-...- ». = . - - - -16-14 

eo - - ^ = - - =^ ----- = ----- -18 

90 ,._----------------- 
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TABLE 8 
Anoolar RelationshiD between Track Sect ions and Receptor Locetlons 



This table define ttiQ anfylar relatiofisliip betw^ii m tracfc sactioii and 

m point of rocoplion 'Crecefver) IH' twins of ^miiles m ^ amll m^ - 



is native 



■ is positive 



Trscic Sectlcm 




Poinl of Reception 



m is niptl¥i 
I 

. Is in^Qifve 
2 



Track Stctlori 







0" 



Point of Ricepyon • 



i Is pceitlve 

I 
■ Is p^ftive 

2 



Track Sftcllon 

ff V !'!! ^! !! !< ! | !?' ! !!?! i ! l '! !!ii?!ii- ! :!iM:J:M:J.MJ: ! : ! :!: ! =!t - 




Point of Recopiion 



SUBTEIIDED AMOLE of ttio track motion at tHo point off rflraptiom 

Ms m - m 
1 1 
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TABLE 9 
/nation of Sound Levels 



Dtffm'm^ ietwwifi Hliher 

mnA Lower SaunA Lavets 
CUBA) 


f e OblQln ihm Syn nf Ivoi 

Soiifid Lo¥nl3, MA litis 

foUw til tHo HIillM- Lovtl 

Ciilll 





3.0 


0.5 


3.0 


^ 1.0 


2.5 


1.5 


2J5 


2.0' 


2.0 


j 2.5 


2.0 


! 3.0 


2.0 


1 4M 
I 5.0' 


1.5 
1 .0 


1 &M 


1.0 


7M 


1.0 


e.o 


11.0 


9.0 


0.5 


10.0 





11.0 





1.2.0 





13.0 and up 
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APPENDIX B 

CALCULATION O'F BARRIER ATTENUATION 



A ""barrier" is any solid obstacle, natural or man made 
which interrupts the line of siglit between the observer 

an,d the railway. 

Barriers include such items as elevated/depressed sections 
of railway I large buildings,, solid roiws of townhO'Uses,r 
existing topographical features,, earth bermSi walls and 

fences. All of these obstructions may reduce nod,se 
generated by rail traffic. 

The following procedure is used to determine the attenua- 
tion of rail traffic noise provided by barriers of all 
types. This attenuation is com.inonly referred tO' as 
"barrier attenuation". The barrier is assuin,ed to be 
parallel to the railway traffic and tO' obstruct the 
observer's view O'f the track. Calculations fo^r finite and 
infinite length barriers are contained within this 
procedure. 

STEP 1. Determine Barrier Extent 

Determine 0j_ (the leftmost end angle o^f the barrier) and 
02 (the rightmo^st end angle of the barrier). For Example, 
fox infinite barriers 0i is -90" and 02 is +90. 

STEP 2. Determine Finite Barrier Index 

Determine the Finite Barrier Index (FBI) from Table Bl , 
using the values of 0i and 02* 

FO'T example, FBI is 9 for an infinitely long barrier. 
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^ ^^ FOR DISCUSSION pl:i;^-:s 

ONLY 

STEP 3. Determine Path Length Difieren.ce 

Deternine the Path Length Difference (PLD), according to 
the figure and formula shown in Table B2 . 

It must be noted that 'Dgg' and *Dqr' are hori- 
zontal distances- therefore, the sum of Dgg, and 
Dbr shall not Toe necessarily equal to the actual 

source-reoeiver separation distance. 

Path Length Difference shall be calculated tO' an accuracy 

of at least 0.001 metres, 

STEP 4. Obtain Barrier Attenuation 

Determine the appropriate barrier attenuatiO'O* from Table 
Bi2, using the values of PLD and FBI. 



(The calculated barrier attenuation ie accurate to 

+ 1.0' dBA,r usually on the conservative side). The 
erro'r in the barrier attenuatiO'n obtained from the 
table can be as high as 4 dlA fox large values of PLD 
and acute angles of the finite barrier. Such cases 
ares PLD greater than 4.0 m., 02"0i less than 30* and 
01 less than -70' or 02 more than +80^ . In these 
circumstances the barrier attenuation could be under 
predicted by as much as 4 dBA. Nevertheless, this 
error has no appreciable influence on the overall 
result as the cO'ntributiO'ns from the remaining track 
sections dominate the resultant traffic nowise level 
at the receiver. 
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TABLE B1 
Finite Barrier index for Asvm'metric Barriers 
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, ,1 tidssJ 





-m 


hi 


-m 


• 




t 


-70 


lb. 




m 

m 


-60 


s 


-50 


♦* 


-40 


% 




1! 


-30 


-20 


;i 


-to 


m 





1 


110 


s 


20 
30 


1 


40 


ft 


50 


m^ 


60 




70 




80 



, The Rigtitmcist End Anglo of Ihe Bflrrior Ci^rees) 

2: 

-80 -70 -60 -50 -40 -30 -20 -10 10 20 50 40 50 60 70 80 90 

1 2 3 4 6 7 9 9 9 10 12 12 12 12 14 12 12 9 

- S 8 10 10 14 15 15 18 18 19 19 19 19 19 19 18 12 

- - 10 11 15 15 18 19 19 19 19 19 19 19 19 19 19 12 

- - - 15 18 19 19 19 20 20 20 20 20 20 20 19 19 14 

- - - - 19 20 20 20 21 21 23 23 21 21 20 19 19 12 
- - - - 20 21 23 23 23 23 23 23 21 20 19 19 12 

- - - - _ - 23 23 23 23 23 23 23 23 20 19 19 12 

- - = = . - . 23 23 23 23 23 23 23 20 19 19 12 

- - - _ - - _ . 24 24 23 23 23 21 20 19 18 10 

- --»----- 24 23 23 23 21 20 19 18 9 

-------- - - 23 23 23 20 19 19 15 9 

-'---------- 23 21 20 19 18 15 9 

------ - ----- 20 20 19 15 14 7 

------------- 19 18 IS 10 6 

- ..----------- 15 II to 4 

--------------- 10 8 3 

------ - ._..-» _ - - 5 2 



Angular Rilatiopslilp tsitowisii Barriffl^ SeBtloris and tte R^lvw 






Mm 




Receiver 



* I Is neiitive 
*" 2 ^s rwptlve 



Trick Sation 

.•,•,■.■.■.".■=■.•.■.'.'.■,'.'.'.'.■.'.'.1 

■^.%-.y.-.-.-.%-..-.-.-.v-.-.-.'.%v. 




Receiver 
® j Is negative 
^2 tstwBltivi 



Ir&dk Satlon 



1 11 ■ "It ■ ' I III I 



-■■..,,.-. .■.■■ .■,-.-■■. ,..-.-. .-. 




Receiver 

® I is preitlve 
*2 is positive 



Notes: 1 ) WHere mglm are iral fountf In me totole use ths nmr^l llst^ value 
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TABLE B2 
Byrler Attenuation for Varloys Velu^ of Finite Bortler Into: 



mU PISCUSSIO'N y^. 
pINiY. 



^.,..3. 



P'Oitti Lenigtli 












Fl 


nlle Borier InieM 






Oifforo 


ncm 


1 


2 


3 


4 


5 6 


7 


8 


9 


10 11 12 14 


15 18 


19 20 21 23 24 


(ml 








































iarr 


ier Mlepuotlioni 
























CiBA) 






1 ^ 


0.34 


3 


1 


1 


1 























11^ 


0J7 


4 


3 


2 


1 


1 1 


1; 


1 


1 











0.07 


5 


4 


4 


4 


'4 3 


3 


3 


2 


2 2 1 1 


1 1 


1110 




0^.05 
0.03 


5 

5 


5 
5 


4 
S 


4 
4 


4 4 
4 4 


4 
4 


4 
4 


3 

4 


3 3 3 3 

4 4 3 3 


3 3 
3 3 


3 2 2 2 1 
3 3 3 3 3 


s 1 


0.02 


5 


5 


5 


5 


5 4 


4 


4 


4 


4 4 4 4 


4 4 


4 4 4 4 4 


0.00 


5 


5 


5 


5 


5 5 


5 


5 


5 


S 5 5 5 


5 5 


5 5 5 5 5 




0.03 


5 


5 


5 


6 


6 6 


6 


6 


6 


6 6 6 6 


6 6 


6 6 6 6 7 




OJO 


5 


6 


6 


6 


6 7 


7 


7 


7 


7 7 7 7 


8 8 


8 8 8 9 9 


% 


0.17 


6 


6 


7 


7 


7 7 


7 


7 


8 


8 8 8 8 


9 9 


9 9 10 10 11 


m 

II 


0.24 


6 


i 


7 


7 


7 8 


8 


8 


9 


9 9 9 9 


9 10 


10 10 11 11 12 


0.28 


6 


7 


8 


8 


8 9 


9 


9 


9 


9 9 10 10 


10 10 


11 11 12 12 12 


0.34 


6 


7 


8 


8 


8 9 


9 


9 


10 


10 10 10 10 


11 11 


12 12 13 13 13 


0.52 


7 


8 


8 


9 


9 10 


10 


10 


1 1 


11 12 12 12 


12 13 


13 14 14 14 IS 


0.69 


7 


8 


9 


10 


10 10 


11 


It 


12 


12 13 13 13 


13 14 


14 15 15 IS 16 


litr 


1.03 


6 


9 


10 


11 


12 12 


12 


13 


13 


14 14 14 IS 


15 IS 


IS 17 17 18 18 


1.3S 


9 


10 


11 


12 


13 13 


13 


14 


14 


15 15 IS IS 


IS 17 


17 18 18 19 19 




1.70 


9 


11 


12 


13 


14 14 


14 


IS 


IS 


16 16 IS 17 


17 18 


18 19 19 20 20 


2.06 


10 


11 


13 


14 


14 14 


15 


16 


16 


16 16 16 17 


18 18 


19 20 20 20 20 




2.75 


11 


13 


14 


IS 


15 15 


16 


16 


16 


17 17 17 18 


19 19 


19 20 20 20 20 




3.44 


11 


13 


14 


IS 


16 16 


16 
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17 


18 18 18 18 


19 19 20 20 20 20 20 | 




S/iS 


12 


14 


IS 


16 


17 17 


17 


18 


18 


18 18 18 19 


20 20 


20 20 20 20 20 




6.8S 


13 


IS 


IS 


17 


17 18 


18 


18 


18 


19 19 19 19 


20 20 


20 20 20 20 20 
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MOTE i } Wlmre llm ralculalod PLP Is not round in tlw table use the 
= listed ¥a1iie. 
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APPFIIDIM C: MATHEMATICAL DFSCRIPTION 



The noise emitttd during passby of a railway train consists of two main 
components: locomotive engine and eihaust noise; and wheel -rail 
fnteraction noise. Whistle noise is not considered part of the general train 
passby noise. 

The mathematical expressions pveming the above two types of noise are 
defined in the following sectlona Included are also the expressions 
ieftning all the various adjustments required to complete the calcylation 
for the energy equivalent sound level, Leq, at a point of reception. The 
mathemitlcal exFresslons described in this appendiM have been used to 
generate the prediction tables contained in Appendix k As the values 
shown In the tables have been roun*d off to the nearest decibel, 
calculitfons perfonned using the followtng expressions yield more 
accurate resulta 



CL LocQfnotlvt inimmi Noise 

The entrgy e^lvalent sound level produced by the locomotive engine and 
extoust noise is given by: 

*-tq,L - 1 <5 ^®i '^ " ' ^ ^n 5 * CS 1 5x ♦ 55 ♦ 4|^| , S < 30 km/h 
- 1 log N ♦ 1 3 J log 5 ♦ 0. 1 5k ♦ 22 ♦ A|q| , S > 30 km/h 

where N is the total number of locomotives In a 24-hour period, 

X is the number of cars per locomotive, 

5 Is the operating ^eed, 
awl A|^| IS the total adjustment for locomotive noise Csectlon C J.l 



C.2. Wheel-rall Int eraction Noise 

The energy equivalent sound level produced by the wheel-rail Interaction 
noise Is given by: 

Ltq^W ■ 5-3 ♦ 10 log n * I5J log S ♦ A^^| 
where n is the number of railway cars in a 24-hour period 
and ik|Q| is total adjustment for wheel-rail noise Csectlon C.3.). 
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C.3. Adjustments ^^^ ^'^^^ o^^ly 

CJ. 1 . Distance adjustmient 

For distances other than the rtference distance of 15m from the centre 
line of the track, an adjustment must be added. The distance adjustment Is 

•given by: 

A^lst-10 1ogCD/D)'*« 

where D^ is the reference distance of 15 m from track centre line, 

D Is the pei^endicular distance from the centre line of the track 
to the point of reception, 
and 01 is the ground absorption coefficient defined by: 

a - 0.5 , h ^ 3 m 

»0Ji5CI -h/lO), 3m<h< 10m 
= , r^ ^ 1 m 



C.3.2. Track length and groynd surface adjustment 

When the ground is is non-reflective or when the calculation coreiders a 
finite stctton of the track, an adjustment must be added. The value of the 
adjustment Is given by: 



fj 



Hrmk ^ ^^ *°9 fti/n) J /coO <M }, for non-reflective surf aces 
= 1 log {( §2 ~ i I yn ), for reflective surfaces 



where 0| and §2 are the angles subtended by the track section at the 
point of reception, see Table 8. 

C.3.3. Adjustment for shielding by dense woods and rows of houses 

M\ adjustment a^,^^ miust added to account for shielding of dense woods or 

rows of houses. This adjustment is described in section 3.4 (b) of the main 
document. 
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CJ,4 Barrier adjustment 

The barrier adjustment accounts for barrier atteinuation, Althoughi ft fs 
recognised that the dominant frequency of the wheel-rail noise is higher 
than that of the locom'Otive noise, the barrier attenuation expressions and 
the resultant attenuation values assume a frequency of 500 Hz. This 
siemiiigly conflicting assumption is reconciled by the adoption of 
substantially different soyrce heights, 0.5 m for the wheel-rail noise and 
4 m for the locomotive noise. The barrier attenuation, fyrther described In 
Appendix B, is given by: 

A ^3^ » 1 log [ I /( i^ - i J ) I I O"^'' ^ ^ di ) 

where i| and §2 ^^ ^^^ si^tended angles, 

and A is a point source attenuation given by: 

A = Ni -0.1916 

= 5 ♦ 20 log [- r ^ J '^' ' 9 1 6 < N i 

tan V2iilNjcosi 



r V 2ii(No)cosi ^ 

5 ♦ 20 log I f ^ I ^ ^ ^ ^ ^'^^ 

tanhV2Ti(NQ)cosi 



" 20 N >5 J3 

where N ^ N^ cos 0, 

and % Is the Fresnel number at 500 Hz, % - ( 2/X) PLD - 2.915 (PLD), 

where PLD is the path length difference along the perpendicylar. 
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CJ.5. Time period adjustment 

The sound level calculation must be adjusted for the time period to which 
the train traffic volume is applicable. This adjustment is given by: 

Atimt ^ IOlog(T^ef/T) 
where T^^i is a 24-hour period 

and T Is the relevant time period, such as 8-hour or 16-hoyr. 
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Al 






^rf 



,?o|!l 



A2 



(; 




DIVIDi INTO 
SECTIONS 



TABLE 







DIVIDE INTO 
SECTIONS 



TABLE 4 



7 



FINITi 
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ADJUSTMENT 



TABLE 
6 






TRACIC LiNSTH 
ADJUSTflENT 



"^ f DISTANCE ^ f 

■J Ladjustment) I^ 



DISTANCE 1 { DISTANCi 1 f DrSTANCE ^ ( DISTANCE 1 ( DISTANCi 1 f DiSTANCE 
ADJUSTIiENT 1 1 ADJUSTMENT 1 1 ADJUSTMENT 1 I ADJUSTMENT J I AD^STMENT J I ADJUSTMENT 



TABLE 9 




COMBINE 



TABLE 9 



C0M1II€ 



TABLE 9 
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TABLE 
it&B2 



FINITE 

BARRIER 

AaWSTMENT 



J 
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ADJUSTMENT 
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I ADJUSTMENT J 
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TABLE 9 
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END 
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Appendix E 
Train Noise Calculation Work Sheet 
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TRAiN iNfJlSE WfjRK 5HEFT " ' " ©•NLY 



NamiB. 



Dale. 



File. 



DescripliO'ri. 



PART A - LOCOnOTlVE NOISE 



1 


Time Period 






2 


Train Type 












3 


No. of Trains 




















4 


No. or Locomotives/Train 




















5 


No. of Cirs/Triiin 




















6 


Typical Train Spetd (km/h) 




















7 


ToLil No. of Cars 




















8 


Total No. of Locomotives 




















9 


Average No. of Cars /Loco 




















10 


L eq # 15m & 80 km/h CdBA) 


Table 1 


















11 


Speed Adjystmtni CdlBA) 


Taibli 2 


















12 


RifertDice Laq CdBA) 




















13 


Ovtralt Ritfertflcs Ltq CdBA) 


Table 9 








\4 


Distance Cm) 












f ffe«;tlve Helqht 










15 


Sourci Cs) Cm) 










16 


iRtCflivtr Cr) (m:) 










17 


Shielding Cl+p) (ra) 










18 


Totil Effictlvi Height Cm) 










19 


DistamiC© Adjyislment CdBA) 


Table 4 










Barriwr ShieldinQ 










70 


© 1 (digrte) 










21 


© 2 (degree) 










22 


Finite Birrier IndiK 


Table Bl 








23 


Path Length Difference (m) 


Tible B2 








24 


Barrier Attenuation (dBA) 


Table B2 






25 


Locomolivi Ltq CdBA) 









1-46 



'•I 



TPAliN M0I5E WORK SHEET 

Desciriplioin 



,fOR DISCUSStC'N f'v ■-■---^ 

OMLY 



PAR 


T IB = WHEEL =RAIL NOISE 




















26 


Trairi Type 










1 


27 


Typical Trairi Spied (km/h) 




















28 


Total Ho. of Cars 




















29 


Referenci Leq © 15m (dBA) 


Table 3 














1 


30 


Overill Rifefinca Leq (dBAI 


Table 9 








31 


Distance (ml 












Effective Heiaht 










32 


Source (3) (m) 










33 


Receiver (r) Cm) 










34 


Shieldinf (t+p) Cm) 










35 


To:Lat Effective Height Cm) 










36 


Distance Adjustment (dBA) 


Table 4 










Barrier Shieldina 










37 


6 I (dtgrtt) 










38 


§ 2 Cdtgret) 










39 


FInItt Birrler Index 


Table B 1 








40 


Path Ltngth Differenc© Cm) 


Table B2 








m 


Barrier Attenuation CdBA) 


Table B2 








42 


Wh®t«-R«il Leq CdBA) 











PART C 



43 


Loco icWheeHRiil Leq (dBA) 


Table 9 








Adiustment 








44 


Dense Woods CdBA) 


Table 5 






45 


Rows of Houses CdBA) 


Table 5 








Track Lanaih 








46 


1 Cdegree) 








47 


2 (degree) 








48 


Reflective (dBA) 


Table 6 






49 


Nio^n-refleclive CdBA) 


— — 1 

Toble 7 






50 


Time Period CdBA) 








51 


Loco &,Whi©ll=Patll Leq CdBAI 






52 


Over all Leq (diBA) 







APPENDIX C 
LAND USE POLICY NEAR AIRPORTS (NEF/NEP) 



c-1 



g) Land-use policij 



Ontario 

Milnistry of 
Housing 



near a 




w ^ 



bflk##d &n tii« H'Olt# Exp'O'tiffv For«cQ«l C^'E^O ii^^'in 




fflmreh 






'^ r-' 



C-2 



Pr<ivirK:ii;il land use policies estaiblislhed in 1969 
!r> |)ro|i!Ct iantls near airports .have been revised 
by the Ministry of Housing through the adoption 

cf '1 mo're accurate system of m,easuring 
discomfort caused by aircraft no'ise. 

The new poiicy is based on the NEF (Noise 
Exposufe Forecast) system which reflects the 
noise produced by all types of aircraft at an 
airport, taking into consideration the nuimber of 
flights, the duration of the noise, the time of day 
and the frequency components of the sound 
(pure tones). 

Alt land use proposals near airports m:yst now 
adhere lo the NEF Land Use Compatibility Table 
(below). The applicable NEF values should be 
determined from NEF or NEP contour maps, 
based on contours supplied by Transport 

NIP Icifid iM§m tmmpGMMf^ %mb^ 



CanacJa or by th'P Dn|);.irtiiienl O'f NatiO'n.-jl 
.Doloiico {f^ce opposil'*!), Thvs table has bven 
desigtied to reflect CMIHC policy relator! lo 
residential development* and also contains 
policies for non-resident lal uses. 

The general principle underlying the reslrictions 
is that the outdoO'r noise level should govern 
permissible uses of a property. Hovwever. some 
indoor uses which make almost no use of the 
outdoors may be permitted to almiost any noise 
level provided they meet CMHC standards for 
acoustic insulation and ventilation. The latter 
requirement is necessary to ensure that the 
acoustic insulation value is not lost through the 
opening of windows. 

' New Housing and Airpuri Notse. N H A. 5185 Menu: 
Edition, 



Land uses |1) Nol3@ eiposyr© forecast values 

28 30 



40 



part, scliool, library, 
•udltortyim, tiospiitai 
.camping or picnic 



In fhto rsngs, 

noiiSi is noi 

tjauaily a 



Or&yp n 

holei. moCr-l,. retail or 
scfvice co'mmefcial. 
ottice. atnieitc field, 
playground, stacjium, 
outdo-or swimfn.ing poo.l 



Q&mt In m% ram^ but 
<t$vQfo{7ti}9nt wHi Iw 
by itm muniCitpattty (2| 



In this mnm, mlm is 
net luwaliiy a probleini. 




Group III 

in^JiiSlriiai. 

*arenousirtq:. arena. 
fjeneral aqncuHure. 
,111'mai brepding <4) 



ateia^ insulation irmtst tM» tncorpofiHKl fmp 



In this ranpt, iwIm to nrt uiwaliy a atriotus probi«iiii 



Moat Gratip III 

in ttrtt ranges 
an? adoquataiy 




Notes 

■ ii ij<?«»s noi specilicalfy mentioned should be coinipared to 
!!••• u-;f<i itsted. classilied m \hf most appropfiale Group 
Anu fequlatip'd accordiingiy 

i2) Ffjf fesidential uses, refer to ■'New Hoiisinig and Airport 
Noise ■ N H A. 5185-1-78 and any amendm'ents liheretO' 
Af oniric design must, includt! .-ideqiiato ventilation. The 
dov..'i',|j»er fill .i residential pii)t»'cl mu.st itndertake lo 
inlninii [jrospectivt; lenams. or purchapofs ol lh«« possible 
rioisi.' pfobiem. 



{3) For non-residenfial n.ses, leter to the AcO'i,stic Design 
Criteria Oipposit'^ 

(4'i Research has shown (hat miost anrmais hf ■.ornt- 

condliitioned !■> niqfi norse levetg Howsver, (yi t-nrniS,, jnil 
dny use likely lo fftMte a bird hazard, si.i'h ns .1 'eed lot 
UT stQC'kyard. Sifiquld not bn lo'CatetJ ciO'Ser tu -in jtiporf 
than as reconiimt"i('.''d uv Transpoil Can„ida .n land Use 
in the Vicinity inf Airport.S ". •■tocn/nnent G /'' 4 
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i€@uitlc dsalgfi crll«rli^ for ri®ii-f«tld«filliil ua«a 



The procedure described in Section E of "New 

Housing and Airport Noise" shO'Uld be adapted 
to m'eet required sound JnsulatiO'n for non- 
residential buildings. Table 1 below shows the 
correction factor to be used with Table 2 of the 
CMHC handbook to determine the Acoustic 
insulation Factor (AIF) for other uses. AIF values 
corresponding to NEF values above the 35 
contour are obtained by extrapollation from the 
figures on Table 2 below. 

Table 1 

C@ff#€H@H facloi 

Hotel, motel no correction 

Private office area, conference room etc. -5 

General office areas, retail stores -lO 

Hospilals, theatres, auditofiums, churches, libraries, schools 

and nursing: horriies are subject to the same requirements as 
residential uses. 

Table 2 

ncouailc InaulGiteii fo^ctof ^ 



Example 1 

The AIF for a retail store within the 30 contour, 

assuming the room has 3 components, would be 
301-10 = 20. 

With referenc.e to Table A of the CM^HC 

handbook, assumJng a window area = 30% of 
the floor area, the window could be a single 
pane of 2 mm. glass,. Within the 40 contour, the 
AIF would be 40- 10 = 30 and a similar store 
woutd need a single pane of 4 mm. or 5 mm. 
glass. 

Exaimpli' 2 

A private office associated with an industrial use 

in 'the vicinity of the 45 NEF contour would have 
an AIF of 46 '-5 = 41. {Assuming 4 comiponents). 
Assuming a window area = 25% of the floof 
area, triple glazing (a WT2-W1 window) would be 
required. 



No. of CO 


miponents 
O'om 












NEF 














• forming r 
















envelope 


25 
20 


26 

21 


27 
22 


28 

23 


29 

24 


30 


31 


32 


33 


34 


35^ 


40 


45 


1 


25 


26 


27 


28 


29 


30 


35 


40 


a 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


38 


43 


S: 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


40 


45 


4 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


41 


46 


t Table 2 O't 


the CMHC handboO'l^ 
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Noise" (1978 edition), ex 


pandled tO' include NEF values above 
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Ottawa 




June, 1972 
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Hamilton 
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London 




Jan. 
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Summer 



The currently available NEF contour maps which 
should be used are listed to the right. With the 

exception of Toronto International Airport 
(Malton), they are obtainable from local offices 
of the Canada Mortgage and Housing 
Corporation (C.M.H.C.). Thejoronto Malton map 
is available fromi the Local Planning Policy 
Branch. Ministry of Housing, 3rd Floor, 56 
Wellesley Street West, Toronto, M7A 1K4. 
(416^^965-3938). 



This list was updated in January, 1980', 
General Aviation (No date) 
Land use propo'sals stio^uld not contliet with the 
r99t3 NEP or with the 1986 NEF conto.urs for 
Toronto (Malton). 



Thunder Bay 

Carp 
Kingston 

Sudbuiry 
Buttonville 

Toronto Island 
Oshawa 
Maple 
Waterloo- 
Wellington 
Sault Ste. Miarie 
CJF.B. Trenton 
Brant ford 
North Bay 
Sarnia 
Pembroke 
Wiarton 
Toronto (Malton)* 



Oct., 
May. 
Sept. 

June, 
Aug., 
April, 

Aug., 
Sept 



1974 
1973 

,, 1978 

, 1973 

1973 

1978 

1978 

, 1973 



April, 1977 
Sept., 1974 
Jan., 1979 
Aug.. 1977 
Aug.. 1978 
Aug., 1978 
Oct., 1978 
Feb., 1979 
' Aug., 1979 



1978 

1976 + 

• * 

1986 

1976 

* * 

1990 
1986 



1985 
1976 
1984 

1991 

1985 

1986 

1986 

1986 
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2. NEP contour maps 

In some cases, the relatively short-range iNEF 
rriiap'S published by C.lM.H.C. are not considered 
approipriate by the M^iinistry of Housing for land 
use planning purposes and the Noise Exposure 
Projection (NEP) contours representing a longer 
range projection should be used. The NEP con- 
tour maps which are currently available from! the 
Local Planning Policy Branch, Ministry of 
Hoysing, are listed below. 



Airport 



Date of_ 
Latest Re- 
vision 



Projec- 
tion Date 



Windsor 

Toronto 

(Malton)* 



Oct., 1978 
July, 1976 



1985 

1 995 



Land use pfopo«als sihiould not conflict with the 
1995 NEP or with Ihe 1986 NEF contours for 
TorofltO' (Maltoin). 



Up-to-date co'ntours fof other airports are schedul- 
ed to be produced by Transport Canada and will be 
added to the list. In addition, it is expected that 
existing contour maps will be reviewed and up- 
dated from time to time. 






Publisfietl by. 
Communications Branch 
Ministry of Huustng 
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ADJUSTMEMT PROCEDURES FOR OUTDOO'R SOUND REFLECTION 



1 .0 Introduction 

Recently the Noise Assessmeiit Unit released a road traffic 

prediction model titled "Guidelines for Road Traffic Noise 
Assessment" . The prediction scheme is to be used tO' 
■evaluate the traffic noise level for the purpO'Se of land 
use assessment,, approvals of new installations and 
abatement. Adjustment for distance, ground absorption, 
dense woods and barriers were also^ presented in the 
document. The effect O'f sound reflections from facades 
which depend on site-specific conditions were left to be 
included in appropriate sections in the acO'Ustic manuals 
currently under preparation by the Ministry staff. 

To aid consultants who are working on noise assessment of 
land use evaluations prior to the issue of the acoustic 

manuals, an early edition O'f the procedure for 
consideration of sound reflection is issued in the 

following brief paper . 

2 .0 BackgrO'und, 

MO'St O'f the pro'cedures that are currently in use by the 
Ministry assume the prediction or the measurement of sound 
in sites, where there are no hard reflecting surfaces. 
The major applicatio'n or objective of the Ministry's 

procedure is to estimate the outdoor sound level, either 
by prediction or by .meaeurement * However, in the majority 

O'f the cases,, where sound is predicted near an exteriox' 
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syrface {building facades fo^r instance) the so^und level 
will vary coins iderably due to wavelike character of 

sO'Unds . A proper definition O'f the "Outdoor sO'Und level 
near exterior facades"" is required. An appropriate 

procedure iiust also be recommended. 

h number of researchers have studied the effect of 

reflaction from exterio'r surfaces on the outdoor noise 
levels. References 1 ,,■ 2, and 3 repo^rt results of 
measurements cO'nducted tO' investigate proper m,eaeurement 
procedure that wO'Uld take into accO'Unt the influence of 

exteriO'r surfaces. Reference 4 is an A.S.T.M. Standard 

relaaeed in 1984 which synthesizes all the available 
methods into a single standard. Reference 5 summarizes 
the insulation capabilities of exterio'r surfaces when the 
incident sound is not perpendicular tO' the surface. 
Reference 6 discusses pro'ceduree that can be applied when 
predicting outdoor noise levels. 

©■nly a sample list of available literature has been 
presented. Even though the bibliography is not 
exhaustive, the qooted references address the main 
concerns in sufficient depth and are adequate to formulate' 

the procedures that are required. 

3 .0 Discussion 

There are three main areas of concern for the Ministry 
where the evaluation O'f the O'Utdo-or noise level is of 

primary interest, namely: 

a) Land Use assessment 

b) Approvals of new installations 

c) Abatement 



D-4 



The determination o£ o^utside noise levels fox' abatenent 
and, approvals is usually O'btained through a !n,easuremen,t 

prograii. The measurements are cO'n,ducted O'ti-slte where the 
exterior surface already exists. The measurement 
procedures o^utlined in many of the Ministry publications, 
if properly ex,ecuted, wO'Uld include the effect of 
reflection and nO' additional adjustments are necessary. 

In Land Use assessment, mO'St O'f the currently available 
procedures use well established theoretical prediction 
schemes tO' evaluate the O'Utdoo'r sound level. The 

calculatiO'ns predict a ""free- field"' so'und level at 
receptor locations where the propO'Sed, structures are tO' be 
constructed. However , the prediction methods have made no 
allowance for reflections from,, the building facade. 

The guideline procedures presented here apply to noise 
pradictiO'n techniques designed for the calculation of 
free-field (outdoor) sound levels and consists of 

adjustment factors to be applied tO' the predicted sound 
level . 

4 . 0' Guideline Procedures 

The National Research Co^uncii o^f Canada publication 
B.P.N. 56 (Reference 6) "Controlling Sound Transmission 
intO' Buildings" summarizes the measurement results into 
applicable guidelines. The above reference has been used 
as a basis for the adjustments present here. For detailed 
descriptio'n O'f the m,ethod and the rationale for the 
procedures, refer to Quirt (6). 

The three areas of concern where the adjustment to 

"free-field level" applies are as follows^ 
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a) Outdoox living areas i 

Ttie sound level at O'Utdoor living areas is usually 
estiiiated during daytime hours. The receiver location js 
3 metres from a building facade and 1 .5 metres above 
ground level. 

b) Mear building facades? 

The sound level outside the bedroom window during 
night time hours is evaluated. For a single family 
dwelling the receiver location is usually about 4.5 metres 
above the ground level, and just outside the window. 

a) Amount of sound insulation required: 

'When the outside level exceeds a certain limit, exterior 
building components must be properly specified,, ^ taking 

into aecount the required araoun,t of insulation needed. 

The applicable methods to be used in each of the above 

situations are given below. 

4 . 1 Level in Outdoor Living Areas 

The usual practice in land use planning is to estimate the 
outdoor living area noise level (Lqq, dBA) during the 
daytime hours at 3 metres away from the building facade. 

The prediction methods calculate "the free-field sO'Und 

level. To account for the reflections from the building 
facade, 2 dB. adjustments should be added to the predicted 
"free-field" outdoor sound level. 



'■m 
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Note 



.1 . The above adjustment is also valid for corner lots 

even when there is an acoustic fence parallel to tlie 
noise source,, and the fence has a wrap-around the 
propexty line. (See Figure 1). Municipally apprO'Ved 
fences are no't very high, and the reflections from 
the fence are miniroal. 

2. If the outdoor living area is located o^n the shielded 
side (away from the noise source) of the building 
facade, no extra adjustment is required. 

4 . 2 Level Near Building Facades 

In addition to complianGe with the noise criteria at 
O'UtdoO'r living areas,,, the Ministry procedures require the 
evaluation of outside levels near the bedroom window. The 

outside level wO'Uld determine the proper house ventilatiO'n 
as well as the appropriate specifications for building 
coKiponents. To account for the reflections from, the 

facade, 3 dS adjustments should be added tO' the predicted 
outside " free- field" sound level "near the building 
facades . 

4 .3 Sound Insulation Requirem,ent8 

The chO'ice Ovf exterior building components satisfying the 
B^uilding Code requirement is adequate in mO'St instances* 
However, if the outside noise level close tO' the facade, 
particularly at second storey elevations, exceeds the 

criteria, the building components have to be designed to 
provide adequate sound insulatio^n. The required amount of 
is-O'Und insulation is dete mined by the AIF (AcO'UStic 
InstallatiO'n FactOT') number. AIF is a coinposite number 

developed by the Katio^nal Research Council of Canada, 
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which ie determined, amo'ng O'thers by the STC (rSound 
Transmission Class) O'f the building component. The STC of 
the walli, window I roof or door is usually determined by 
laboratory methods where the incident soiu,nd field is 
diffused. Such a soiund field is commonly denoted as Random, 
Incident Field. In some instances the sound field is 
incident only along a narrow range of angles and the 
transmission loss value deGreases . An example is that of 
an esctarior wall of a single family dwelling which is 
perpendicular to a roadway or a, railway track (e.g. 
exterior surface 2 in Figure 1). The required AIF values 
in this case must be adjusted accordingly. The proper 
adjustiient values are given in Table 1- 

5 . Cone lue ions 

A set of guideline procedures was presented to account fox 
the reflection from building facades. The reduction of 

the transmissiO'n loss prope,rties due to the acute angles 
of sound incidence was also discussed, and proper 

ad,ju,stiie,nt factors were presented as part of the 
procedures . 
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Road Way 





(b) 




(a) Corner Lot 
1,2 : Exterior Surfaces 



(b) Wrap around Acoustic Fence 



Figure 1. Sicetch of a corner lot exposed to the road 
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Angles at which sound arrives 
(0=perpendicular to surface) 



Correction 



60 to 90' degrees 

40 to 90 degrees 

30 to 90 degrees 

to 90 degrees 



3 
2 

1 




Note- The angles are defined by the angle between the 

perpendicular to the affected surface and the angle 

(or rang© of angles) of the sound incidence as shown below. 



Roadway 



io 



so 



Angle: to 90 degrees 



RoadwE" 






so< 










^^^,>^"''-"" 













Angle: 30 to 90 degrees 



Table 1. Correction for source geometry to be added to 
the required AIF. (Source: Reference 6. ) 

(The angular range best describing the dominant 
noise source should be used) 
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PC-STAriSON IJ 
MOE PR0GRAI1 FOR ROAD TRAFFIC NOISE ASSESStlENT 



INTRQDUCTIOM 

PC-Stamson is a computer program for the IBM PC or a compatible 
personal computer that calculatis the nolst levf 1 at a point of reception 
productd by road traffic. The program uses the mathematical txpressions 
that yielded the prediction tables contained in the MOE Guidelines for 
Road Traffic Noise Assessment, July 1986. Results obtained using this 
program art generally more accurate and, therefore, priferable. 

The calcylatlon is based on a model established by the U.S. Federal 
Highway Administration; however, it inclydes extensions as well as 
simplifications specific to practtces and requirements of the Ministry of 
Transportation and Communications and the Ministry of the Environmint. 

The objective of the programi is to provide a simple but comprehensive 
prediction of road traffic noise level, including adjustments for distance , 
ground and shielding (barrier, housing, woods) attenuation. 

The program had been written using two computer languages: dBase III and 
Basic. The former was utilized for its ability to perform full screen input 
and editing and the latter was chosen because It can handle mathematical 
computation and Is commonly available. Subsequently, the source code was 
compiled using Clipper compiler (dBase III) and Basic compiler. 

In order to achieve simplicity and clarity, the program Is driven by menus 
and, where possible, utilizes schematic or pictorial presentations. 
Further, help menus are provided at most stages. 



PROeRAM STRUCTURE 

The program has been structured into several modules: the first module 
allows the user to input all relavant parameters and thus create an Input 
File which is then passed on to the calculation module. The Inpyt File can 
subsequently be edited using two different routines. House keeping 
functions such as directory listing and file deletion are also provided in a 
separate section. 
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Due to its structuiredi formiat, the program uses several files dyring 
execution and the followinig files must exist lin the directory: 

STAI1S0N.EXE RESULT.DBF 

BSTAMSON.EXE RESULT2.DBF 

5TAri_30N.DiF TEilP.DBF 

USTAI1_S0.DiF TEI1P2.DBF 

STAHSON.EXE and BSTAflSONJXE are the compiled dBaselli and Basic 
programs. The DBF files are data base files required during execution; 
STAM^SONLDBF file, for example, contains the default Input pirameters 
used for execution of BSTAHSONEXE, 



mmim the prosirami 

The program is eKecyted by the following command: 
STAMSON <Return> 

The first screen identifies the project and the date; pressing <Return> 
takes tl!ie execution to the Main Menu screen that Identifies the five 
program, modules.. Pressing Fl key opens the Help screen for the Main Menu; 

additional ■"help" instructions have been Included with most screens. 
Attached are copies of all the screens, icluding Help screens, that the 

programi displays during an execution. The example uses the dtfauit 
values. 



OPTION 1: CREATE MEW DATA SET 

In this module, the user enters all the input paramieters using specially 
designed panels. The input fields in each panel are accessed using the 

Up/Down keys on the numeric pad or the <Return> key,. Pressing <Return> In 

the last field on the screen will open the next paneL 

If unchanged, the program uses default name ST,Af1_S0Ni for for the Input 
File name' in the first, File Allocation panel File STAM^SON Is used to pass 
Input parameters from the Input/Edit modules to the calculation module. If 

the user wishes to store the input parameters in a different file after the 

execution is completed, the second file name, also using a default nam^e 
STAIi=50N, must be entered. In this way, a number of Input Files may be 
established for subsequent execution. 



E-4 



The last panel In this module is a Verification panel where all the Input 
parameters are displayed for vtrification; answering N(o) takes the 

execution to the Roadway Paramieters panel while YCes) takes the 

execution to the Main Menu. 



OPTION 2: EDIT EXISTINS FILE USIN6 PANEL 

This module is veiry similar to option 1 with the exception that the user 
cannot change the measurement units. The user edits the input Information 
entered In option 1. 



QTION 3: EDIT EXiSTINe FILE 

Special care must be taken when using Option 3 which allows the user to 
edit the input file directly without program control. Where Options I and 2 
impose constraints on the input parameters. Option 3 offers no such 
limitati-ons and must be used with caution. 



OPTION 4: mu STAMSON 

In this option, the calculation module is accessed and the calculation using 
the previously input parameters Is performed. Results are shown on the 
screen with option of hard copy printout. 



OPTION S: HO USE KEEPINO 

File directory listing and file deletion of unwanted data base file is 
performed in this module. 
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MAIN PROGRAM 
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PROGRAM SCREEN 



ONTARlOi niNISTRY OF THE ENV I RONMENT 
NOISE ASSESSMENT UNIT 
ROAiDWflY NOISE PP!EDJ:CTIQN MODEL 






Pleas* enter the following inf ormiat Ion : 

USER NAME ■=> MOE 
JOB DESCRIPTION ==> TEST 
DiflTE ==> 11/14/36 



HELP SCREEN 
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PROGRAM SCREEN 






• ♦ MlAINl MENU ♦♦ 

1,. CREATE new: DATA FILE 

a, EDIT EXISTING FILE U'SINB PANEL 

3. EDIT EXISTING FILE 

%, RUN STAMSON 

1. HOUSi KEEP INS 

6. EXIT TO DOS 



ENTER YOUR CHOICE C 1-5 ) FROM ABOVE ,? 



HELP SCREEN 



■MAIN 



MENU 



STAMSON is a computer i ii»d vermion of the MOE Suidelines for Road 
Traffic Noise AasBSsment , July 1'9'B6. The program ha« b©»ni Nritten for 
th'B IIM PC and compatibles using dBase III anid lASIC. 

INPUT data are entered through a sequence of data entry panels that &re 
displayed in the foT lowing order: 

MAIN MENU! New file, edit, houaekeeping 

FILE ALLOCATION! Name of the INPUT and OUTPUT parameter files 

ELEMENTS & UNITSi Number of roadway elements and measurement units 

ROAOyAY PARAMETERS: Traffic volume , truck 7. , speed, igradient, etc. 

LAYOUT: Source/receiver distance, etc, 

SHIELDING I Dense woods and' rows of houses 

BARRIER'! larrier parameters 

Following the input, the CALCULATION may be performisd in a BASIC program, 

OUTPUT consists of a listing of the input pararoaters., atenuatiOin values, 
elefflent and sub-element Leq and the RESULTANT Leq . 

Press any ikey to continue.,.. 
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MENU OPTION 1: 
CREATE NEW DATA SET 
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PROGRAM SCREEN 



S T A M S N 1 . I — PC VERSION 

ENTER D'ATA FILE NAME - = > STftM_SON 

FINAL DATA TO BE SAVE UiNDER ==> ST AM SON 



' 



HELP SCREEN 



FILE ALLOCATION 

Entar naiii,»a of twio files or keeep the DEFAULT nam«mi 

INPUT FILE: StQ.r@s INPUT va,riabl»s prior toi execution BASIC prQigram 
SAVE FILEi Stares INPUT variables after •MiBcut.lon O'f BASIC program: 

Pr»SB any key to continue. . . 
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PROGRAM SCREEN 



S T A M S N 1.1 - PC VERSIONI 



PLEASE VERIFY OR CHANGE THE FOLLOWING INITIALIZATIOiNB 

NUMBER OF ROADWAY ELEMENT ~=> 1 

liEASyREMENT UNIT USED =■> 1 

1 = Metric 

2 - Imperial 



HELP SCREEN 



ELEMENTS h UNITS 



Number of roadway elements ===> Enter the numiber of roadway elements 

(Input parameter* Arm approK imately 
constant in an element) 

M»a»urement Units =mmmy Specify the meaisurement units of the input values 

(New file miQde only) 



Press any key to cOintinui 
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PROGRAM SCREEN 



PANEL 1 OF 4 



NEUi FILE 



STAMiSON 1 . 1 



* - — - ROflOyAY PARAMETERS 



* ELEMENT # 



1 
1 1 / 1 ^ / B6 



VEHICLE HOUiRLY VOLUME ! 

CAR ==> 100' " MiEDlUH TRUCK =^> 



10 



HEAVY TRUCK ==> 



10 



SRADIEMT 



0.0 



POSTED SPEiED LIMIT --> 80 



PAVEMENT SURFACE TYPE s=> 



k,m,/h 



1 - Typical Asphalt 

2 - Qpen-gradB'd FrictiO'n Course 

3 - Dense-gradBd friction CourBe 

4 - Smooth Coi'hcrete PavemeTTit 

5 - SmO'Oth Coincrete., yire-brush Finish 

6 ■- Gro'Ov«d Concr»t» 
PRESS Fl FOR HELP — 



HELP SCREEN 









R Q A D Ml A Y P A R A M. E T E R S 




inter the 'hdufly traffic volumes for car's,, (nediuffl truck* and heavy trucks. 




It Is assumed that all vehicle* are travBiring at the same 




speed 1 the miniinufii speed is 50' kro/h (30 mph ) . 




Gradient has to be entered as a percentage value. 




Choose among the six types o^f piavement for different adjustment. 




Press any key to continye.,. 







1 



t 
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PROGRAM SCREEN 



iPANiL ;S OF k 



HEU FILE 



STAiMSON 1.1 • .—-.-- TOPQiGRAPHY S. LAYa.UT 



• iLEMENT » 1 il, 
-J' 



ROADyAY 



\ ©1 

\ 
\ 



i 612 

I 

I / 

I / 



RECEIVER 



/ I \ 
I 
i 

I 

D II 
I 
\ 1/ 



ROADMIAV ELEMENT SIZE i 

ANGLE 01 =-> -90 Degree 
ANSLE ©e ==> 90 DegriBe 

SOURCE -RECEIVER DISTANCE -=> IS.OMetre 



INTERMEDIATE GiROUND SURFACE ==1 

1 - AISORPTIVE 
e - REFLECTIVE 



HEIGHT OF RECEIVER ABOVE THE GROUND 
ELEVATION OF ROADWAY ( ■•• help panel) 
— PRESS Fl FOR HELP 









HELP SCREEN 



T O P B R A P H V 



LAYOUT 



Anqles must be in degrees. 

Angle that lies to the left of the piB^rpend icular line 

from the rBceiver to the roadway muat be entered m% NEGATIVE. 

Angles must be more greater than anglel. 

Th'B' receiver ground elevation is defined as the 
ZERO REFERENCE ELEVATION. 

The roadway elevation i» relative to the receiver ground elevation. 
The roadway elevation is POSITIVE if the roadway is above the receiver 
groiund elevatloin and NEGATrvE if the roadway is below the 
receiver gro^und elevation. 

The source heigiht and the receiver height are the heights 

above the roadway andi the receiver ground elevatloin, respectively. 

The source height is calculated in the program based 
upD'O the unadjusted percentage of heavy trucks. 



Pre«.s any key to continuf 



J: 
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PROGRAM SCREEN 



PANEL 3 OF i* 



NEW FILE 



STAMSON 1 - 1 



• . ■ — SHIELDING ■ — ' * 



ELEMiENT # I 



DENSE WOO'DS --> 



(1 - Yes ; 0' - Not Applicable ) 



DEPTH OF WOODS =»> 

1 - Less than 30 Metre 

B - 30 to hO Metre 

3 - 60 Metre or more 



ROWS OF HOUSES ==> O' 

HUHBEB OF ROyS =-> 0' 



{ 1 - Yes ; 0' - Not flppli cable ) 

CMas 7) 



DENSITY OF FIRST ROW ==> 
1 - Less than ^0*/. 

3 - 63 - 90 •/. 

Note ; Consider as BARRIER if more th,*n 90% of density 
— PRESS Fl FOR HELP 



HELP SCREEN 



■^ 



SHIELDING 



Adjustment due to denae wiooids requires that 

th» trees extend at least 5 metres above the 1 ine-af -sigh t . 

Uo adjustment is made if the houses occupy less than^**'© '/. of the spaci 
in a rowi. Note that if the houses occupy more than 90 */. of ^ the space 
in the row, the row a-f houses should be treated as a solid liARRIfR, 



' 



Pre«.« any key toi continue... 
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PROGRAM SCREEN 



PANEL 4 OF i* 



NEU FILE 



*~— B A R R I JE R — • — ♦ 



iROADyAY 



BARRIER 



\ II / /l\ 

\ A I II AB / D' I 

\ t / I 

\ 'I / il 

\ 1 / \ I / 

• — 

RECEIViER 



BiARRIER ==> 



iELEMlNT #1 



(1 - YES) 
(0 - NO ) 



BARRIER SIZE : 11 

ANGLE ai -=> 0' Defree jl 

ANGLE A2 ==> 0' Degree 



DISTANCE FROHI RECEIVER TO BiARRIER 
CD) =-> 0.0 Metre 



BARRIER HEIGHT ==> 0.0 Metr« 



PRESa Fl FOR HELP 



HELP SCREEN 



BARRIER 

Barrier is co^nsidered a solid o^bstacliB, placed batween the roadway and 

the receiver. The Ibarriar attenuation la dependent on the 
aource-barrier-recBiveT geometry, i-e. the diffraction pattern.. 

The angles are det»rmined in the aame way a« for roadway element size. 

When two or more barrlera intersect the I ine-of-sigh t ,, use ONLY 
the most effective barriwr in the ealculation. 

The barrier height is relative to. the receiver ground elevatiom. 
Press any key to Ea'ntinue... 
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PROGRAM SCREEN 



Please verify data for element # I 
CORR'ECT ====> CV/N) 



ROADWAY PARAflETiERS 










Volumes s Car 




=-> 


100' 


vph 


Med lum 


truck 


=-> 


10' 


vph 


Heavy truck 


a=>- 


10 


vpih 


Pave«»nt Type 




^=> 


Typical 


Asphalt 


LAVDUT 










iRoiad Eletftent Size i AnglB ©1 


^^> 


-90 






Ang i e ©S 


==> 


90 




IntenmiiBdiatiB GrO'und SurfacB 


s^> 


Absiorpti 


VB 


SourcB-ReCB i ver d i s tarice 


s=> 


IS.O 


Hetre 


Height oif Receiver 


:==> 


. 


Metre 


Height of Source 


Above Roadwa 


y--> 


I. .7 


Metre 


Elevation 




==> 


0' , 


Metre 


SHIELDING 










Depth of Woods 




= = > 


NA 




Numb»r of row of 


hQiu«es 


==> 


NA 




Density of first 


row 


==> 


NA 




B:ar r i er Ang 1 e A 1 




= =:> 


NA 




iarrier Angle AS 




^-> 


NA 




Barr ier-Rec»i ver 


distance 


S=> 


NA 




Barrier Height 




==> 


NA 





Sradient »=> 0.0 

Speed ==> 80 km/h 



HELP SCREEN 
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MENU OPTION 2: 

EDIT EXISTING FILE USING PANEL 
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PROGRAM SCREEN 



S T A M S N 1 . I — PC VERSION 

ENTER NfiWE OF FILi TQi ID IT ==> STAMi_SiDN 



DATA TD BE SAVED UNDER FILE NAME ==> STAM SON 



HELP SCREEN 
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PROGRAM SCREEN 



II 
ii 



S T A M S M I . 1 - PC VERS I ON 



J 



PLEASE VERIFY OS CHANGE THE FOLLQWINB INITIALIZATIONS 
NUMBER OF ROADWAV ELEMENT ^^> 1 



HELP SCREEN 



ELEMENTS h UNITS 



Number Oif roadway •lements ===> Enter the numteer of raadwiay eleiments 

(Input paraimeters are approximately 
constant in an element) 

Mea«ur»in»r>t Units ssss> Specify the miBasurement units of the input valUiBs 

fNew file mode O'nly) 

Press any key tO' continue... 
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PROGRAM SCREEN 



PANEL 1 OF i* 



EDIT MO'DE 



STAMSOINI I . 1 



• RiDADyAY PARAMETERS 



» ELEMENT » 1 || 

11/14/86 III 



VEHICLE HOURLY VOLUME s 

CAR =*> 100 MEDIUill TRUCK 



10 



HEAVY TRUCK ==> 10' 



GRADIENT 



O'.O 



•/. 



POSTED SPEED LIMIT =^='> BO km7h 

PAVEMiENT SURFACE TYPE =-> 1 

I - Typical Asphalt 

e - Open-grad»d Friction Course 

3 - DensB-graded friction Course 

h - S-mooth Concrete Pavement 

5 - Saooth Concrete,, Wire-brush Finish 

6 - G'roioved CO'Ticrete 
— PRESS Fl FOilR HELP — 



=J 



HELP SCREEN 



R A D y A Y 



P A R A M E T E IR S 



Ent»r the hourly traffic volumie« for cars, medium trucks and heavy trucks, 
It is assumed that all vehicles are travelling at the same 
speed ; the ^minimum speed is SO km/h (30 fflph 3 , 

Gradient has to be entered as a percentage value. 

Choos© diriOiTig the six types of pavement for different adjustment. 



Press any key to^ continue-.. 
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PROGRAM SCREEN 



PANEL 2 OF i* 



EDIT MI0D€ 



STAMISDN 1. 1 



, __________ TOPOGRiftPHY S, LAVOUT • ELEMENT « 1 



IRQADyiAY 

II / I 

I / I 

\ ©i III ©S / I 

\ I / D II 

\ III / I 

\ II / \ I / 

# - 

RECEIVER 



ROADWAY ELEMENT SIZE i 

ANGLE 01 ==> -90 Degree 

ANGLE 0,2 =~> 90 Degree 



SOUiRCE-lRECEIVER DISTANCE --> 15.0«etre, 



INTERMEDIATE GieOUND SURFACE --1 

1 - AISORPTIVE 
a - REFLECTIVE 



HE I SHIT OF RECEIVER ABOVE THE 6R0UND 
ELEVATION OF ROADWAY ( siee help panBl) 
~ PRESS Fl FOIR HELP 



0.0^ Metre 
•0.0' Metre 



HELP SCREEN 



1 



T O P O e R A P IH Y 



L A Y U T 



Angles «ust bs in degrBes. 

Angle that lies tOi the left of the peripendiicu lar line 

froflii the r«,ceiv»r tO' the roiadway mu«t be entiered as NEGATIVE,. 

Anqlea must be more gremter than anglel. 

The receiver ground elevation l« definedi as the 
ZERO REFERENCE ELEVATION. 

The roadway elevation is relative to, the receiver ground slffv,atiori. 

The roadway elevation is PQ-SITIVE if the roadwiay is above the receiver 

ground: elevation and NEGATIVE if the roadway is below the 
recelvBr girO'und elevatiO'ni. 

The sO'Urce height and the receiver height are the heights 

above the roiadway and the receiver gra,und elevation, respectively. 

The source height is calculated in the prQ'gram based 
upon the unadjyafced percentage of heavy trucks. 



■P'ress any key to continui 
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PROGRAM SCREEN 



PANEL 3 OF h 



EDIT MODE 



STAMSON 1 . 1 



# SHIELDING — — - • 



ELEMENT «l 



DENSE WOODS ==«> 



(1. - Yes ; 0' - Not Applicable I 



DEPTH OF yOODS ^^•> 0' 

I - Leas than 30 Metre 

S ■- 30 to 60 Metre 

3 - 60 Mtetre or moTe 



ROMS OF HOUSES ==> 

NUMIIR: OF ROyS ==> 0' 



C 1 - Y#s ; O - Not Applicable I 
(Max 7) 



DBMSITV OF FIRST ROW -=> 0" 
1 - Less than kO% 
e _ 40 - 63 •/. 
3 - 65 - 90 •/. 

Not© j: CiQinsideF as lARlRIER if miore than 90*/. of density 
— PRESS Fl FOR iHieLiP 



HELP SCREEN 



S HI I E L D I N 6 



Adjustimerst due to dense woods requires that 

the trees- ©s«tend at least 5 metres above the 1 ine-Qf-sigh t . 

Mo adjustment is m,ade if the houses occupy leas than 40' 7. of the spaci 
m a row. Note that if the houses occupy more than 90 */, of the space 
in the row', the row sf houses shQiuld be treated as a solid BARRIER. 



; 



Press any bey to continue,.. 
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PROGRAM SCREEN 



PANEL 't» OF k 



EDIT MODE 



»___._ B' A R R I E R —4 



ELEMENT #1 



TOfliDWiiAY 



BARRIER -^> 



(1 - YES) 
CO' - NO ) 



IflRRIER 

\ I / /l\ 

\ Al I AS / D I 

\ J / 1 

\ 1 / II 

\ 1 / \ II / 

» 
RECEIVER 



HARRIER SIZE : 

ANGLE Al --> O Qiegree 

ANGLE Ag -=> O Degree 



DISTANCE FROM RECEIVEiR TO BARRIER 
(D) =:=> O'.O' 'Metre 



BARRIER HEIGHT ==> 



0.0 lietn 



— PRESS Fl FOR HELP — 



HELP SCREEN 



a A R R I e R 

Barrier is coni5ider«d a solid ob«tacl«„ pLaced bBtwe«'fi the roadway and 
the receiver. The barrier attenuation is dependent on the 
souircB-barrter-receiver geometry, i.e. the diffraction pattern. 

The anglB'B are dBtermined in the aame way as for roiadway ■lement size. 

yihen two or more barriers intersect the 1 ine-of -s ight , use OWLV 
the most effective barrier in the caleulat ioin . 

The barrier height is relative to the receiver ground •levation, 
PremB any key to cont inue, . . 
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PROGRAM SCREEN 



Plaiise verify data for »l#«»n.t # 1 
CORRECT ====> (Y/N) 



ROADWAY PARA.M6TIERS 

Volumes I Car 

Medium truck 
H»«v¥ tryck 

P«v«(ii«rjt Type 
LAYOUT 

Road ElsflSB'rit Size : Aingle ©1 
Angle ®2 

rnterma-diate Grounid Surface 

Sour c e-Rece i ver d i s tame • 

Height Qf iRBceivor 

Height of Source dbiove Roadway 

tlevatiooi 
SHIELDINQ 

Depth of Uo'Ods 

Number of row of hoiuses 

Density of first row 

Barrier Angle Al 

larrier lAngle Ag 

iar r i er -Rec m i ver d i s t anc m 

larrier Height 



> 


1.00 


vph Br ad i en t 


==> 0.0 


> 


10 


vph Speed 


==> BO 


> 


to 


vphi 




> 


Typical 


Asphalt 




> 


-90 






> 


90 






> 


Absorptive 




> 


11.0 


Metre 




> 


0.0 


Metre 




> 


I , 7 


Metre 




> 


0,0 


Metre 




> 


MA 






> 


NA 






> 


NA 






> 


HA 






> 


INA 






> 


NA 






> 


nfk 







km/h 



HELP SCREEN 
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OPTION 3 



EDIT EXISTING FILE 
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PROGRAM SCREEN 



S T A M S N i . 1 — PC VERSION 
tNTER NftnE OF FILE TO EDIT =s> STA:M_SON 



DATA TO IE SAVED UNDER FILE N6ME ss> STAM_SO'N 



HELP SCREEN 
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PROGRAM SCREEN 






S T A Ml S N 1 . 1 - PC VERSIDN 



PLEASE VERIFY OR CHANGE THE FDLLOyiNG INlTIALIZflTIONS 
NUMBER OF TOAOWAY ELEMENT =-> 1 



HELP SCREEN 



ELEMENTS & UNITS 



Number of roadway elements ===> Enter the number of roadwiay ■'iBments 

(Input parameters are approM imiately 
constant in an elBment) 

Heasurefflent Units ====> Specify the measureiieinit units of the input valui 

i New f i 1 m mod ■ o n.l y ) 

Press any key tO' continu*... 
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PROGRAM SCREEN 



ID IT RO'ftDiyAY ELIMIENT i 



CAR 




100 


MEDIUM TRUCK 




10' 


HEAVY TRUCK 




10 


SRAD'IENT 


0„0 


SPEED 


80 


PHI 1 


-90 


PHIS 


90 


S R D'lST 


. 


15.0 


SyRFACE 


1 




REG. HEIBHT 




0,0 


ELEVATION 




0.0 


yooDS 


! 




DiEPTH 







HOUSES 


! 




NUM ROMS 


, 




DENSITY 


J 




lARRIEFi 


: O 




■BAR lANGLEl 







aAR_AN6LE2 


: 


0' 


i_R DIST 




0.0 


BAR. HEIBHT 




0.0 



HELP SCREEN 
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MENU OPTION 4: 
RUN STAMSON 
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PROGRAM SCREEN 



S T A M S N 1 . 1 ~ PC VERSION 
INTER DATA FILE TO USE ==> ST AMI SON 



HELP SCREEN 
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PROGRAM SCREEN 



ELEMENT I of 1 






SUl-ELEMENT 


LiftYOUT 


1 


Angle 1 


-90 


flmgle E 


90' 


REFERENCE Leq 


43.3 


flOJUSTMENT 




DistancB 


0.0 


FinitB elemsnt 


-1.2 


Paveraent 


0,0 


Shielding Adjustmemt 




MOOdS 


0.0 


ihousas 


0.0 


tjarrier 


0.0 


Total mhii elding 


0,0 


SUB-ELEMENT L»q 


bU . 


ELEMENT Leq 


hi*.0 



TOTAL Lsq Call 
»ny key to continue... 



ts) bU.O 



dBA 



DO YOU WANT A HARD COPY CY/N) =- 



HELP SCREEN 
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MENU OPTION 5 
HOUSE KEEPING 
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PROGRAM SCREEN 



S T A M S N 1.0 



HOUSE KEEPING MENU 



1 - FILE DIRECTORY 

S - DELETE DATABAB.IE 

3 - RETURN TO MAIN MENU 

ENTER SELECTION NUMBiR ==> 



HELP SCREEN 




APPENDIX F 
BALCONY NOISE 



Ministry 

of the 

iE,niviirO'nm"e.int 



Mlinistere 
de 

rEnvironnement 



F-l 



ENVIRONMENTAL APPROVALS AND 
LAND USE PLANNING BRANCH 



135 St, Clair Avenue West 
Suite 100^ 
Toronto. Ontarioi 
M4V IPS 



135 Quest, avenue Si Cla- 
B'Ureau 100^ 
Toronto (O'ntario) 
M4V 1P5 



965-3071 



October 22, 1986 



.MEMORAND UM 
TOs 

F,ROM,: 



All Regional Directors 

W.R.. Balfo^ur 
Director 



RE: 



B.ALCO'NY NOISE 



Recently the issue O'f balcony .noise and the m.itigatiO'n. 
metliods Vfere broiught tO' our attention by Mr* L.W. Fitz of 
SO'Utliea. stern RegiO'.n (letter attached), 'Tlie vario^us concerns 
raised by Mr. FitE were discussed in the Noise A.ssessm.ent 
Unit. Our concluBions and position are outlined below. 

Th.e Noise Assessin,ent Unit in the past had not taken a stro^ng 
pO'Sitioin tO' declare balconies as outdoor living a.re.as fox' a 
variety O'f reasons. One of the main reasons is the 
difficulty O'f implementing required control measures as the 

Ministry" s review takes place late in the process- In .mo.st 
cases t the building is already in place during the review as 
a result o^f the requirem.ents placed on the developer by the 
"' Condominium Act". In addition,, if a balcony is enclosed due 
tO' noise excess, the. developer may exceed the floor spaee 
limits. 'The "balconies" are therefore treated as storage 
area in ma.n.y instances* This is eomewhat reflected in the 
way balconies were not specif ically mentioned in the Ministry 
publication NPC-131 - However, the definition of "outdoor 
living areas" in the proposed ELUC policy (still in draft 
form) can. be interpreted to include balconies* 

The only other reference to balconies is made in the CMHC 
document "Road and Rail Noise: Effects on Housing" 
(MHA 5156 81/10). 'The following is reproduced from page 8 O'f 
the above document . 

"In downtown apartment projects where, 
because of site restrictions, adequate 

noise reduction m.easures are not always 
possible, it is recognized that noise 
levels above 55 dB do not make open space 

completely ineligible for inclusion as 
amenity space. To prO'Vide a fle.xible 



I 



:f-i 



approach, a sliding scale may be used in 
which for each 2 dB O'Ver tlie acceptable 
limit, lO'i O'f the area O'f a balcony or 
O'ther open space is ineligible, e.g., a 
balco'ny of 30 in2 with a level of 61 dB 
would have 21 m"^ eligible amenity area; 
at 65 dB the eligible area would be 
15 m2". 

As you can see the procedure suggested by CMHC is no't only 
vague, but also impractical. 

All of the aboive concerna are taken into account intO' the 
fO'llowing pO'sition used by the Moise Assessment Unit. 
Balconies are usually used fo^r storage,, fire exit, possible 
egress, etc. It is also recognized that the Ministry's, 
review process is undertaken usually at a late stage. 
Balconies are then treated? 

(i) Not as O'Utdoor living areas if any o^f the foliowing 
cond i t iO'ns exists 

a) not part o^f the floor space. 

b) indoor /outdoor sheltered living areas tor 

coii,munal use are provided in the complex, 

c) if the depth is less than 4 ii. 

(ii) As outdoor living areas for all other cases. 

No mitigation measures are required for case (i) and a 
Warning Clause ragistered on title would suffice. Mitigatio'n 

:meaeures are required for case (ii)# but implementatiO'n 
difficulties must be borne in, mind. Compromises may be 
wor'ked O'Ut depending on the ,noise e:x:Gess, impleraentation 
feasibilities at pre-planning stage, etc. 

We hope the above pO'Sition allows the effective and 
appropriate resolutiO'n of comm,ents O'n developinents with 
balco'nies. 



RR/mc 

cc: D.P. Caplice 
CE. Mclntyre 
P . Joseph 
Ii.G. Kende 
I.B. Veitch 




W.R. BalfO'U 



APPENDIX G 
GUIDELINES FOR THE PREPARATION OF NOISE REPORTS 



Q_2 December, 1986 



GENERAL GUIDELINES FOR THE PREPARATION O'F 
ACOUSTICAL REPORTS IN THE REGION OF PEEL 

1,, INTROOUCTION 

1.1 The Region of Peel and its constituent Area Municipalities require the applicants 
of all residential plans of subdivision, rezonlngs and site plans adjacent to majior 
roads in the Region to engage the services of an acoustical specialist (hereafter 
referred to as the Acoustical Consultant) to prepare an acoustical report to be 
signed and submitted by a professional engineer or architect which will recorn:mend 
noise control features to meet the noise level O'bjectives of the Region of Peel, the 
Area M/unicipality and the Ministry of the Eniviroiiment. 

I, REPORT 

2.1 Generally, an acoustical, report for a plan of subdivision is required only prior to 
final approval of the plan to clear the conditions of draft approval. However, when 
a plan of subdivision has projected noise levels in excess of 65 dBA between 7 a.m. 
and 11 p.m,.,, then an aco'ustical feasibility report will be required prior to draft 
appro'val to determine whether the design proposed and layout ol the lots will allow 
the required noise attenuation levels to be achieved, (Five copies of the feasibility 
report are to be forwared to the Area Municipality with two additional copies to 
the Regional Planning Department when Regional roads or Provincial freeways are 
involved. The Area Municipality will circulate to the Ministry of the Environment 
only after the report is acceptable to the Area Municipality and the Region.) 

2.2 The acoustical report must describe the plan of subdivision or the site and its 
relationship tO' the m,ajor roads and all other miajor noise sources including 
industrial, aircraft and rail noise, within 30€ mi of the proposed development. The 
report must identify all existing and future noise sources in consultation with the 
Area M,ynicipality and Region of Peel. An outline for a typical report is attached 
as Appendix 1, 

2.3 A,i_rcrafJ and freeway noise shall be considered in accordance with Regional and 
Municipal Official Plan policies and the Ministry of Municipal Affairs' aircraft and 
freeway noise guidelines, 

2A All otlier noise sources including industrial activity shall be considered in 

accordance with the Ministry of the Environmient criteria and procedures. 

2.5 The report shall give details of prediction techniques used to determine noise levels 
(roads, rail, aircraft) including all adjustments. 

1. SOUND LEVEL LIMITS 

3.1 The road traffic noise study will be based on the following criteria for sound level 

limits adopted by the Region of Peel, it's constituent Area Municipalities and the 

Ministry oi tlie Environment: 
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3.2 Qutdoor recreation (living) area 



3.3 



3.* 



3.5 



(7 am - 1 1 pm') 

outdoor area 
(1 1 pm - 7 am) 



Leq (ilShr) 
L50 (16 hr) 



Leq (8 hr) 

L50 (S hr) 



= 55 dBA 
= 52 dBA 



= 50 dBA 
^ ^7 dBA 



Indoor (bedrooms, hospitals) 

(11 pm - 7 am) Leq (S hr) = ^0 dBA 

Indoor (living rooms, hotels, private offlcesj. readin,g rooms) 

(7 am = 11 pm) Leq (16 hr) = *5 dBA 

Indoor (general offices, shops) 

(7 am = 11 pm) Leq (16 hr) = 50 dBA 



». TRAFFIC NOISE PREDICTIONS 

^-1 With respect to Road Traffic Noise, only the prediction method accepted by the 

Ministry of the Environment may be used. (For details see the MOE Guidelines for 
Road Traffic Noise Assessment - 3uJy, 1'9S6), 

■^.2 Traffic volumes on arterial roads in the Urban Area (used in predicting noise level 
calculations) must be based on ultimate lane configuration with level of service 'C 
at posted speed limit, as set out in the table below: 



Number of Lanes 

^ lanes 
6 lanes 



AADT 

27 OO'O* 
llQ 000* 



% MEDIUM 
TRUCKS 



% HEAVY 
TRUCKS 



Truck percentages are to be 
determined from actual counts, or 
obtained from municipal records 
where available. 



*(These volumes have been estimated for Level of Service "C, For collector type 
roads the Area Municipality should be consulted for appropriate volumes and truck 
percentages.) 
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|»| For traffic volumes in the rural area or on other types of roads, the appropriate 

road autliority should be consulted by request in writing. 

%«f All traffic data should be supported by a letter from the road authority, included as 
an appendix to the report. 

Ill' Predicted noise level calculationis will be required for both daytime (7 a.m. - 1 1 
p.m.) and nighttime (11 p.m. - 7 a.m.) periods. 

IwS If manual calculations are used, the report must contain the fully completed MOE 

Traffic Noise Prediction Work Sheet for all sections calculated. 

If the MOE Noise Prediction Computer Mo'del (Stamson 1) Is used,, the report must 
include a copy of the computer printout for all sections calculated. 

1,7 The report must detail information on all ad|ustments where applicable, 

4»i Where there is mioce than one noise source imipacting, the plan, the calculation of 
the combined noise levels is required. 

'I,S For industrial, aircraft, and rail sound level predictions, the Ministry of the 
Environment standard procedure miethods should be emvployed with the report 
detailing the method of calculation. 

J. NOISE BARRIER CALCULATIONS 

5,1 In addition to noise level calculations, acoystical barrier calculations jniust _alsq' bC' 

Included in the report and be accompanied by diaRrams which must C0'm.ply with the 
following criteria; 

f.:I - typical and all worst case cross sections (and additional cross sections as 

may be necessary) at a vertical and horizontal scale of 1 to 50 (or 1 to 100) 
most be provided to clearly illustrate the proposed berm and wall 
configuration in relation to the future grade at the house. (Existing grades 

at the site should also be indicated.) Cross sections must include elevation 
of the noise source (HS), elevation of the receiver (HR), top elevation of the 
noise barrier (HB), ground elevation of the berm, berm slopes, sidewalks, 
boulevards, ditches, roadway elevations and property limits of the lands in 
question. Cross sections must provide all information required to calculate 
the path length difference (PLD); namely He, Hq, Ho, Dcd and Dno, (See 
diagram 'A' in Appendix 1.) 

,i:b,3 "^ the location of the cross sections must be indicated on an attached copy of 

the preliminary grading plan. Preliminary grading plan should identify and 
make reference tO' all information shown on the cross sections (Roadway 
elevations, grO'Und ejevatio'n at no'ise receivers, ground and top elevations O'f 
the berm, elevations of the rear yards, sidewalks, ditches, boulevalrds, etc.). 
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5.1 - height of noise source is tO' be determined in accordance with the MO'E., 

Guidelines'- July, 1986,' (Table 8). 

5.5 - height of noiie receiver to be used is 1.5 m above the ground at a point 

located 3.0 m frorn the rear wall of the dwelling unit. 

5.6 - barrier wall (i.e. fence) shall not exceed 2.0 m in height unless approved by 

the area municipality in consultation with appropriate road authority. 

5.7 - a nminimum of 4.0 m depth of rear yard as nneasured from rear face of the 

building will be required which contains no slope in excess of 2% in the City 

of Mississauga and 6.0 m In the City of Brampton and the Town of Caledon. 

5.8 - a miaximum. slope of 3d in Mississauga and 4:1 in Brampton and Caledon will 

be required for any earth-work (i.e. berm) adjacent to the boulevard. Slopes 
steeper than 3:1 will be tolerated on the lot side of the earthwork by the use 
of retaining walls, etc. provided the Area Municipality is satisfied from a 
drainage and landscaping standpoint. (The 3:1 and 4il ratios may only be 
modified at the discretion of the Area Municipality). 

5.9 - in cases where the attenuation facility Is interrupted, barrier returns are 

required and the detailed design and calculations of the treatment in such 

cases will have to be incorporated into the acoustical report. The report 
must include a detailed plan and appropriate cross sections of such cases, 

5,10' - barrier walls should generally be located no further than O'.Jm in from the 

rear lot line or as specified by the Area Municipality. 

5„11 - the maximum height of berm allowed is to be determined by the Area 

Municipality in consultation with appropriate road authority. 

5.12 ~ the maximium height of berm/barrier allowed is to be determined In each 

case by the Area Municipality. 

5.13 Information on acoustical barriers,, berms, berm/wall combinations must include 

location and height of the barriers relative to a fixed point, namiely centre line of 
the road. 

5.14 Type and surface density of barrier should be specified. 

5.15 The report shall be required to prove to the satisfaction of the Region of Peel, the 
Area Municipality and the Ministry of the Environment that the noise level in 
outdoor recreational areas after applying attenuation measures is the lowest levei 
esthetically, technically, administratively and economlcaily practical. ' To this endl, 
the report shall provide a table of alternative berm, and wall com'bination heights 
with resulting noise attenuating values for final selection of the Municipality, The 
base reference figure Is tO' be 55 dBA. (See Table 1 of Appendix 1). 

(Note: It is preferable, that where possible residential developmients be designed 

such that the need for barrier type attenuation features, to control outdoor noise 
levels, is minimized.) 
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i, OTHER NOISE CONTROL MEASURES FOR OUTDOOR AREAS 

6.1 AJternative measures (site planning, service road, special type or lo^catiorii of 
acoustical barriers, etc.) sliould be discussed with the Region and the Area 
Municipality in advance to^ receive their acceptance in principle. 

6.2 Front yard attenuation, (i.e. outdoor recreation areas in the front yard) are not an 
acceptabie fornn of noise attenuation for reversed frontage lots, 

7. NOISE ATTENUATION FOR INDOOR AREAS 

7.1 Central air conditioning is required when the nlghtlme noise level exceeds 60 dBA 
at the outside wall,, second storey. 

7.2. If central air conditioning is required, a noise insensitive location or other 
appropriate nneans of noise attenuation of the air cooled condenser unit should be 
stipulated in the report and specified in the subdivision agreement. If a heat pump 
is installed, the location of the outdoor unit should be specified as well. 

7.3 If the nlghtlme outer noise level is above 50 dBA and not grieater than 60' dBA 
forced air heating is to be installed with provision for central air conditioning and a 
warning clause note to this effect is to be inciuded in the report and in the 

sybdivision agreement for registration, on title. (See wording in item S.) 

7.^ Window glazing is to be specified either as pane thickness and air gap or minimum 
STC/AIF rating, if the nlghtime outer noise level at window is 60 dBA or greater. 
All recdmmiendations shall comply with the O'ntario Building Code and local 

regulations. 

7.5 Outer wall specifications are to be determined and listed In the report for inclusion 
in the subdivision agreem,ent, if the nightime outer noise level is 60' dBA or greater. 

7.6 In cases oi high noise levels (60 dBA and over) door specifications are also required. 

S. WARNING CLAUSES 

8,1 The following minimum wording is to be used in the Subdivision Agreement and in 
all offers of purchase and sale and is to be registered on title (for the specific lots) 
when noise levels are not being attenuated and the levels exceed the Municipality's 
and the Ministry of the Environment's noise criteria^ but do not exceed the criteria 
by more than 5 dBA: 

"Pyrcliasers are advised that noise levels due to increasing road (rail) (air) traffic 
may continue to be of concern, occasionally interfering with som,e activities of the 
dwelling occupants." 
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8.2 When noise control measures have been instituted on the sltej and the resultant 
noise levels still exceed the Municipality's and the Ministry oi the EnvirO'nment's 
noise criteria by 5 dBA or lessi the fo'llowing wording is to be used: 

"Purchasers are advised that despite the inclusion of noise control features in this 
development area and within the building units, noise levels from increasing road 
(rail) (air) traffic may continue to be of concern, occasionally interfering with 

some activities of the dwelling occupants as the noise level exceeds the 

Municipality's and the Ministry ol the Environment's noise criteria." 

8.3 If the Municipality accepts a noise control solution which noise level exceeds the 
M.unic!pallty's and the Ministry of the Envlronmient's criteria by more than 5 dBiA, 
the warning clause in paragraphs S.l and 8.2 must be reworded by replacing the 
word "may" with "will" or as directed by the area mynicipality. 

8.# When forced air heating with provision for central air conditioning is to be installed 
the following additional sentence Is to be added to the warning clausei "This 

dwelling unit was fitted with a forced air heating system and the ducting, etc. 
sized to accommodate central air conditioning unit. (Note: locate air cooled 

condenser unit in a noise insensitive area.)" 



% SUMPAEY SHEET 

9,1 A summary sheet of the noise control measures and conclusions should be provided 
in the report, in order that the requirements can be easily inserted in the 

Subdivision or Site Plan Development Agreement, (See Table 2 of Appendix I), 

10. GENERAL 

10.1 Five copies of the acoustical report are req|uired to be forwarded to the Area 
Municipality by the Acoustical Consultant. An additional 2 copies of the report are 
also required to be forwarded to the Region of Peel Planning Department If noise 
levels from Regional or Provincial roads are discussed. The Area Municipality shall 
only circulate the noise report to Ministry of the Environment when it is 
satisfactory to the Area Municpality and the Region. 

10.2 Prior to final approval of the plan of subdivision, the Acoustical Consultant shall 
update the recommendations of the Acoustical Report, if required by the Area 

Municipality, to coincide with the proposed final M,-Plan as revised for registration, 

10.3 A clause shall be included in a Schedule of th,e Subdivision Agreement to the effect 
that prior to the issuance of building permits for all lots, the Acoustical Consultant 
sliall certify that the builders plans, noise attenuation features and proposed final 
grading plan are in accordance with the updated detailed Acoustical Report 
approved by the Area Municipality, the Region and the Ministry of the 
Environment. The Consulting Engineer or an Ontario Land Surveyor shall certify 
that the grades as constructed, are in accordance with the proposed final grading 
plans, attached to the noise report. 
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Prior to the final inspection of the buildings on all Jots and blocks the Acoustical 
Consultant shall provide certification that the constructed attenuating, measures 
such as doors, windows, duct sizes etc. are in compliance with the acoystical 

report. 

lOA In preparing the Acoustical Report, regard shall be given, to the relevant Official 
Plan policies and to the following Provincial and Federal Documents as applicable: 

:L, "Guidelines for Road Traffic Noise Assess:m.ent"' C3uly, 1986), Ministry of the 
Environment 

!• "Gyidelines on Noise and New Residential Development Adjacent to 

Freeways". (April 1979). Ministry of Housing (now The Ministry of 
Municipal Affairs). 

Jfc "Land-Use Policy Near Airports Based on the N.E.F. System". (April 19B.0), 

Ministry of Housing (now the Ministry of Municipal Affairs).. 

#, "Acoustic Technology in Land-Use Planning - Volume I"' (Novem.ber 1978) 

Ministry of the Environment. 

% "Road and Rail Noise - Effects on Hoyslng". C.M.H.C. (NBA 5156 -Sl/10) 

i» "New Housing and Airport Noise". C.M.H.C. (NHA 518,5 81/5),, 

N.B. The above references may be revised from time to time tO' reflect the latest 
changes in the field of acoustical technology. Please ensure that you have 
used the lastest edition. 
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APPENDIX I 



NOISE. IMPACT REPORT 

FOR DlRAFT plan OF SUBDIVISION 21T. 

(or a site plan, approval if applicable) 

PREPARED FOR: 
PREPARED BY: 

DATE I 
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I* INTRODUCTION 

- SITE DESCRIPTION AND LOCATION 
= TYPE OF DEVELOPMENT 

- AREA CONTEXT 

- DESCRIPTION OF NOISE IMPACT SOURCES 



This section should provide a concise summary of relevant background 
information and an outline of the study approach and procedures. 
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ANALYSIS PROCEDURES 

ROAD NOISE 

- Identification of road Sections (eleinents) 

- Traffic volunmes (data source to be identified) 

- Truck volumes (data source to be identified) 

Distances, adjustmentSj, etc. 

(A sketch of conditions - as per Figure 1 of the MOE Guidelines should 

be attached). 

- Traffic Noise Prediction Work Sheet 

(See Figure 2 attached) if manyal calculations are used 

Computer Printouts 

if computer pro'gram is used 



All data used, corrections and adjustments should be eKplained in the text. 
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FIGURE 1 
Conditions On Site 
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FIGURE 2 Sain nle Calculation - Be fore B^arrier 

Date Hay 5, 1916 File LU - 5DD1 Pioject Oescfiptioo fioad A - Befo^re Biairier 
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AIRPORT NOISE 

-^ N.E.F. Co'ntour Map 

- Predicted sound levels 

All conversions to Leq (dBA) calculatio'ns and assumptio'ns should be 
explained in the text, and illustrated on attached diagrams. 



RAILROAD NOISE 

- Background Data 

Type and frequency of trains, locomo'tlves 

Calculations 

*• Predicted Sound Levels 

All data used, adjustments and procedures should be explained in the text 

and illustrated on attached diagrams. 



OTHER NOISE. SQ'URCES 
Background data 
Calculations 
Predicted Sound Levels 

All data used, calculations, assunnptions and procedures should be explained 

In the text and illustrated on attached diagramis. 



N.B. 

Letters verifying data used should be included in an appendix. 
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3. RECOMMENDED ABATEMENT MEASURES 

ACOUSTICAL B..ARR,1ERS (See Section 3 ol Guidelines) 

- CalculatiO'ns oi PLD 

All data used and calcuJatlons should be explained In the text. A sketch 
of conditions and the Traffic Noise Prediction Work Sheet (Fig. 3) m,ust 
be attached. 

Cross Sections (See Diagrani A) as per the Guideline requirements. 

i^ Grading Plans 

All drawings and diagrams as per Regional Guidelines must be included 

- Table of Barrier Attenuation Alternatives 

The range of attenuation alternatives should be outlined as in Table 1 
attached. 



SITE PLAN SOLUTIONS (If applicable) 

See also Section 6 of Guidelines 

Location of units 
- Building design 

The report should describe all considerations and include all 

illustrations. 

BUILDING COMPONENT SPECIFICATIONS 
See Section 7 of the Guidelines 

^ Required AIF Ratings for Different Roomi activity areas 

Wall, Window, Door, Ceiling, Roof Specilications (if applicable). 

All procedures and calculations should be outlined in the reporti 
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I* SUMMARY OF NOISE ATTENUATION MEASUEES 

All recommendations should be summarizecl for inclusion in the 

development agreem.ent aiid listed in a table. (See Table X attached). 
Relevant warning clauses should also be quoted. 
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Lai Number 



1-1 i 
See Test 






5 17-31 



Central Air 
Coinditioning 



Yes 



Yes 



Yes 



TABLE 2 
SUMMARY OF MINIMUM NOISE ATTENUATING MEASURES* 



Exterior Walls 


Windows 


Amenitv Areas 


Tvoe 


SiDace** 


AF 




EWi 


Bedroom - 


32 


At rear of houses 




Living 




Lot 1: see text 




Room 


27 


1-S m sound barrier 




Kiichen - 


22 




EW'^ or EW'5 or 


Bedroom - 


3^ 


At rear ol house 


EWIR 






Lot 16? see text 




Room 


29 


l.S m sound barrier 




Klicheri - 


2tt 




EW5or EWIR 


Bedroom - 


38 


At rear of house: 




Living 




see text 




RO'Om, 


33 


Lot 17 garage at 




Kitchen - 


2S 


south side. 



Lot 31 garage at 
north side. 



Warning Clayses 



Yes 



Yes 



f 



Yes 



* For detailed description of. noise attenuating measures, see the report 
♦♦ Data applies to room envelopes with 2, 3, or *! components 



APPENDIX H 

GUIDELINES ON NOISE AND NEW RESIDENTIAL 
DEVELOPMENT ADJACENT TO FREEWAYS 



H-1 



w 

Ontario 

Mlinistry of 
Housing 



Guidelines on noise 
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Minlitor's slGil»ni#fit on noise 
cifio new resio-eiiiiAJ oeveiopinerii 
ddlocent to freewogs 

Mr. Spaaker: 

In February of 1977, the Ministers of 
Transportation and Communications and 
Housing announced that, "where feasible," 
noise barriers would be provided by the 
Ministry of Transportation and 
Communlcattons for new construction v^fork 
on major freeways through existing 
residential areas. It was also stated that 
developers of new residential units near 
freeways would have to include similar 
measures to reduce noise impact. 

We are now able to introduce guidelines to 
control the noise in outdoor areas of new 
residential developments near freeways. I am 
pleased to announce a new policy which has 
been formulated in consultation with the 
Ministries of the Environment, and of 
Transportation and Communications. 

Briefly, Mr. Speaker, this new policy sets 
an objective of 55 decibels as an outdoor 
noise level in residential developments 
adjacent to freeways. Where the outdoor 
noise level Is likely to be excessive, the 
developer must demonstrate that measures 
will be taken to get as close as possible to 
this objective level of 55 decibels. 

In those cases where the attenuated 
outdoor noise level exceeds 70 decibels, 
residential development will be prohibited, 
because this is the level where extensive 
community dissatisfaction occurs. 

My ministry, in co-operation with the 
Ministries of the Environment and of 
Transportation and Communications, will be 
forwarding guidelines on outdoor noise tevels 
for new residential development to all 
municipalities. This material also indicates 
some techniques which could be used to 
reduce the noise impact. Copies of these 
guideimes w>ll also be provided to all 
members. 

Noise control gyidellnes are also being 
prepared relative to the indoor soynd 
environment, and these should be ready In 
the near future. 



Cylddlfi#s on riois# and 
new residential devebpnient 
ad|a€ent to freeways 

Introductlofi 

A policy dealing with corrent problems of freeway 
noise In ©Mis^ng msidBnUal areas and with noise 
problems associated with freeway construction or 
reconstruction through BMistmg rmidBntml areas 
was jointly announced by the ministers of Transporta- 
tion and Communieations, and of Housing In Febru- 
ary 1977. It stated that, "whrnrw feasibla", noise bar- 
riers would be provided and that a developer, propos- 
ing to build residential units adjacent to a freeway, 
would be required to take appropriate measures to 
reduce noise impact. 

It is unrealistic to suggest prohibiting ail new resi- 
dential development close to freeways since it is 
often technically, administratively and eoonomically 
practicable to design new developmients and/or 
Incorporate mieasures In such a manner that noise is 
reduced to a^eptable levels. Also, it is reoognlied 
that devetopera have varying degrees of flexibility to 
attenuate sound. 

CO'inseqiuently, it was considered desirable to 
establish sound level limits for noise control in ou!- 
door r&creatiortai amas for new residential develop- 
ment adjacent to freeways. (Appropriate noise con- 
trol guidelines are being prepared by the Ministry of 
Hoysing to ensure that the indoor sound environ- 
ment of new residential development near freeways 
is alsO' pfoteeted.) 

Dellnltlon of *frmmmg* 

For the purposes of this policy, "freeway" Is 
defined as an eKistlng completedl. parttally developed 
or proposed pfovinoiai or municipal divided arterial 
highway that Is accessible only from intemecting 
arterial streets at grade-separated interchanges. 

PeTlflraOII Of OlliOOOr re€re€lIIOflQi ukfVOk 
For 'the purposes of thiis policy, "*outdoor recrea- 
tional area" is defined to mean an oytdoor living area 
imm^edlately adjacent to the housing y nit designed to 
accomm'Odate a variety of individyal oytdoor 
activities. 

Sound l#v«i measurement 

For the purposes of this policy, the noise level is 
the A-weighted 24-hour equivalent (Leq) sound level 
based on either the Average Annual Daily Traffic 
(AADT) data or. where available, the Summer Aver- 
age Daily Traffic (SADT) data, whichever \s the 
higher. The equivalent (Le^) sound ievel is a good 
indication of how people react to freeway noise 

Generally, the public reacts to noise when sound 
levels in outdoor recreational areas exceed 55 
decibels (dBA). Public concerns, dissatisfaction, and 
complaints increase rapidly from approximately this 
level. 
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Policy on noise 

and new residential development 

adjacent to f reewaijs 

- The objectfve for predicted sound levels in outdoor 
recreational areas is 55 dBA or less. 

• The province will not impoBe additional noise 
attenuation on the developer where the level Is a^ or 
below the objective level. 

• The developer shall be required to prove to tha 
satisfaction of the approving authority, in accord- 
ance with provincial guidelines, that the noise level 
in outdoor recreational areas after applying 
attenuatfon measures is the lowest level techni- 
cally, administratively and economically practica- 
ble. Any consideration of relief from achieving the 
objective level will be based on specific site charac- 
teristics, such as topography, existing development 
and the available sound attenuation options. Resi- 
dential development will be prohibited where the 
attenuated sound level in outdoor recreational 
areas will exceed 70 dBA. 

• The Ministry of Transportation and Communica- 
tions shall plan to achieve an attenuated sound 
level as low as technically, administratively and 
economically practicable below 70 dBA where a 
freeway is proposed to be built or expanded 
through a developed residential a^ea. 

. Where the noise levels are expe<:;ted to exceed 
55 dBA in outdoor recreational areas after the 
implementation of sound attenuation measures, 
the approving agency for any new residential devel- 
opment shall require as a condition of approval that 
the developer inform prospective purchasers of res- 
idential lots which are so affected of the noise situa- 
tion by posting a sign or by other appropriate 
means. 

• Where residential development for which noise 
control measures will be required precedes the 
construction of a designated freeway, the approv- 
ing agency may requife as a condition of approval 
that. 

(a) suff'cient lands be conveyed at no cost for 
erection of a noise barner; and/or. 

(b) a pro-rated cost contnbution be made prior to 
final approval for barrier construction, if barners 
are considered necessary at the time of final 
approval. 



Pmpo%m of guy#lln#s 

The pyrpQso ol the:se guidelines is to ensure that 
sufficient data is made available by a developer to the 
approving authority demonistrating the achievement (b) When an off^icial plan or relevant amenidment i? 



by the approving authority will consist of checking the 
validity of the submission based on the best available 
acoustical information. 

Noii# control fii#asur#s 

In order to obtain relevant information for noise 
attenuation, a developer should nriake ©arly ^conlact 

with the Ministry of the Environment when th© devel- 
opment is within one kilometre of the edge ol a free- 
way right-of-way. The distance may vary with differ- 
ent cx>nditioniS ol traffic, toipography and existing 
develbpment. 

Any iconsi deration of relief from achieving the 
objective level of 5S dBA will be lba:s©dl on specific 
site characteristics, such as topography, ©xisting 
development and the available noise oootrol 
options. Control measures may Include, but are not 
limited to. the following: 

i) St© Planning— orii©ntatton of buildings and out- 
door recreational areas with respect to noise 
sources, spatial separation such as insertion of 
sound-iriserisitiv® land uses b©'tw®©n :soyrc© and 

receiver and appropriate ae'tbacks:; and 
li) Acoystleal Barriers— berms. walls, favourabi© 

topographical features, other intervening 
structures. 

Cyldellnes 

Lanci us# plbfrnlngi prlnclpbs 

Planning principles shoyld b® adopted iiat 
minimize th© chances of creating nols© problem 

areas. Put simiply, it means a pro'per plac® for ©veiry 

land us© so that oach us© is compatible with th© 
surroundings. 

Th© overall goal should b© to reduce the amount of 
residential land adversely affected by freeway nois©. 
Residential areas should normally be located aw.ay 
from freeways. Wherever possilbl©,, OTmmercial, light 
industrial, recreational and agrieultural uses shoyld 
buffer residential areas from noisy freeway traffic, if a 
residential area must be located near a freeway. 
suitably -designed medium and high density resid©n- 
tiai buildings are more adaptable to th© noise ©nvi- 
ronment than low density single -family units. Also, 
they perform the function of the nois© barrier (barrier 
block) for th© rest of a residential site. 

Of f Iclal pidfis and amondfiiefits 

(a) if an official plan, relevant amendment, or sec- 
ondary plan is under preparation, a municipality 
should consult with the Ministry of the Environ- 
ment regarding appropriate noise 'Control stat©' 
ments to be included in the plan. 



ol the lowest technically, administratively and ©co- 
nomicaHy practicable noise levels for new residential 
development, in accordance with th© provincial 
policy on Noise and New Residential Developmiont 
Adjacent to Freeways. The analysis and evaluation 



submitted to the Region or the Ministry of Housing 
for approval, the provincial policy on Nois© and 
New Residential Development Adjacent to 

Freeways will be included in the plan or amend- 



H-4 



ment by modiification if the miuniciiipality has not 
already done so. 
Plans of sybdlvtsiofi 

(a) PriOir to imaking a suMivtsion application, a devel- 
oper should obtain informatjon on the necessfliry 
actilonis to be taken from the Region or the 
Ministry of Housing., At this stage, a developer 
may b© instructed to consult th® Ministry of the 
Environment and the Ministry of Transportation 
and Communications., 

m When the plan of subdivision is submittedi to the 
Region or the Ministry of Housing for approval, 
the Region or the Ministry of Housing will ©nsur© 

that the subdivision conforms to th© provincial 
policy by circulating the plan of subdivision to the 

Ministry of the Environmient and the Ministry of 
Transportation and Communications for com- 
ments and technical advice on noise' control 
measyres. 

{c} Th© RegiQin or the Ministry of Hoysing, Uipon 
weigning tnis advico against otner tecnriGai, 
admiinistrativ© and ©conomic considerations, 
may then give draft approval witti -appropriiat© 
conditions^ 

Th'© implementation of the conditions will b©' 
achieved through a subdivision or d©v@lopm©nt 
agreement. 

lofiiing bglaw a«eiidfiii#fits 

(a) Since site planning is a major noise control meas- 
ure, municipalities should use Section 35a olthe 
PSanning Act to implement appropriate condi- 
tions*. Pyblications on noise 'Con'trol measures 
are available fromi th© Ministry of th© Envifon- 



fb) Before passing a loning bylaw amendment for a 

development affected by freeway nois©',, a munici- 
pality should refer th© amendment to the Mlnistiy 

of th© Environmi©nt for comments. 



(c) If the m-unicipality passes such a bylaw withwit 
having regard to the provincial policy, the Region, 
the ministries of Housing, th© Environment and. if 
a provincial freeway is involved, th© Ministry of 
Transportation and Communications, will have to 
determine wheth©r or not a potential noise prob- 
lem exists and,, if necessary, may object to the 
Ontario Municipal Board. 

Special ififormatiofi r#qyir#d 
The information required for review and evaiua- 

tlon of proposals for new residential development 

should include the following: 

(a) Locatton of freenays-Thi© plans should indi- 
cate the existing or plann'edi future location of 
fr©©ways within one kliometr©. 

(b| Sit© pJiam-The site plan should show th© topog- 
raphy of the sit®, ©tevation and layout of the van- 
ous eMisting buildings or proposed stryctures. 

(c) Estabiistiiiig th© noise levels on site-The 
noise levels anticipa,ted on the site should be 
©stabiished by tie us© of prediction techniques 
aoceptable to the region and th© Ministry of the 
Environment based, when necessary, on actual 
measyrements. In all Ga,se:s. consideration 
should be given to anticipated future increases in 
noise levels for at least ten years. 

Current traffic inform:ation and traffic predictions 
for any particular provincial freeway may b© 
obtained from th© Ministry of Transportation and 
Communications. Developers may obtain further 
information on traffic noise prediction tiechniques 
from th© most up-to-dat© govemment publications, 
from acoustical literature, and from th© Noise Pollu- 
tion Control Section of the Ministry of the Environ- 
ment, Toronto. 



•Ministry ol Housing GwdBlinm tor DevBtopmmt Contmi fSte 

Plan Conmt) — The Plammg Act: Section 35a, February 1975. 
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ENVIRONMENTAL APPROVALS AND 
LAND USE PLANNING BRANCH 

NOISE ASSESSMENT UNIT 



INITIAL COMMENTS PROCEDURE 
FOR NOISE IMPACT ON PROPOSED 

RESIDENTIAL SUBDIVISIONS 

JUNE 1986 




IntariO' 



Ministry 
of the 
Environment 



Mlinistere 

de 

i; En vi iron name nt 



I~2 



EnvirO'nmental Approvals and 
Land Use Plan,ning Branch 



135 St. Clair Avennue West 
Suite lOOi 
Toronto, O'nitario 
M4V 1 P5 



135 ouest. ave-nue St. Clair 
B.ur#au 100 
Toronto (O'ntario] 
M4V 1P5 



June 17, r 1986 



NOISE COMPATIBILITY REVIIW 

OF MEW RESIDENTIAL LAND U'SES 



The ReglO'nal and District O'ffices have the lead function 

in providing cO'-O'rdinated comments on noise to the 
appropriate approving authorities ,, such as the Ministry O'f 

Municipal Affairs or the local municipality. The NO'ise 
Assessment Unit in my Branch provides assis^tance to the 
regional offices in technically complex situations. 

The nO'ise review is generally divided into two (2) stages: 
review and comments prior to Draft Approval, referred tO' 
as Initial Comments, and review and comments prior to 
Final Approval, The Noise Assessment Unit's functio'n 
normally translates to providing assistance in the Final 
Plan Appro'val stage j Initial Comments are generally 
straightforward and, therefore, the responsibility of the 
regiO'n. 

In order to clarify the Initial Comments Procedure for 

Noise Impact on Proposed Residential Subdivisions, staff 

of the Nodse Assessment Unit have prepared the attached 
procedural flowchart. This chart describes the po^ssible 
nodse impact scenarios, presents the applicable no'ise 
guidelines and reGoramends co'nditions tO' be used for the 
Draft Plan appro'val. 



f 



T. D. Armstrong, P» Eng . 
Ac t i ng Dire c to r 
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INITIAL COyMENTS' PROCEDURE 

FOR NOISE IMPACT ON PROPOSED 

RESIDENTIAL SUBOIVISIONS 



OVERVIEW 

The O'bjective of the enclosed flowchart is to provide a clear and 
simple procedure for the assessment of noise impact. Road^ rail^ 
aircraft and industrial sources of noise are addressed. 

The assessment is intended to be conservative: if any uncertainty 
exists regarding the level of impact, the larger value should be 
used for comparison with the guidelines. 

Whenever possible, the submissions are to comply with the 
identified MOE guidelines of 55/50 dBA, NEF 25, etc. In particular, 

the "warning clause" recommendation is discretionary and shoiuld be 
given only when the excess is clearly within 5 decibels; else, 
recommendation for "three standard conditions" should be given. 



June 1986 
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FOR 
NOISE IMPACT ON PROPOSEO RESIOENTIAL SUBOIVISIONS 



Idefitify all noise sources 

impacting on 

tlie subject land 



C _ Aircriift 




Follow procedure for 
single source type 
and combine resultant 
soynd levels. ^ 



Point (industrial) B 

►© 



Line (road^ rail) 



Determine sound levels from 
each source on closest lots 

by prediction or measurement 
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O A 



Compare with MOE 55/50 
Land Use Criteria and 

determine excess 



1=5 dB 



Recommiend 
Draft Approval with 
a Warning Clause as 

a minimum condition 




Zero or 



negative 





Recomm€nd 




Draft Plan 




approval 



>10 dB 



Recommiencl 

Feasibility Study 

be prepared prior to 

Draft Approval 



& 
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I 



B 



Site visit and 
measurements of source ( 
sound f eve Is 
as per NPC-103 



T 







Sound! level 




adjustments 




as per NPC-1D4 
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Compare soiund level with 

Table 106-2 or NPC-105, 

Sections 5, 6, 7, Si 8 and 
determine excess ^ 
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Zero or 



negative 



Reco^mmiend 
Draft Plan 



approval 



Positive 



aa^a^s^m 



SSBSEm 



1 

Request assistance 
from the 


Noise Assessmient Unit 



NOTE^ Comiparison is to be made with sound level limits in NPC— lOiS 
with the exception that limits for sounds specified in Section 4, 
Soynd Level Limits — GeneraL be replaced by Table 106—2, 
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Compare site plan with 
NEF contour map and 
determine NEF values 
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Recommend 


1^ 




Draft 


I 


s^ 


Approval 


si 



Recommend 

Draft Approval with 

a Warning Clause as 

a minimum condition 



Recommend 

Draft Approval with 

3 staodard 

conditions* 



Contact 

the Noise 
Assessmient Unit 



NOTE: To arrive at a resultant sound level produced by aircraft 
and road/rail traffic, use the following procedure : 

- Sound Level from NEF value: Lgq= NEF + 31 dBA 

— Combine L eq values produced by aircraft and road/rail 
using logarithmic addition of sound levels. 

^ Coimpare the resyltanit sound level with MOE^ 55/50 
Land Use Criteria. 



— Contact the Noise Assessment Unit if necessary. 
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« DRAFT PLAN APPROVAL 
THREE STANDARD CONDITIONS 



It is recommended that the following three (3) conditions be 

included in the draft approval of the plan: 

1. Prior to final approval of the plan, the owner/developer shall 
investigate the noise levels on the site and determine the noise 
control measures which are satisfactory to the Hinistry of the 
Environment and the municipality in meeting the Hinistry 's 
recommended sound level limits for proposed residential land 
uses. An acoustical report prepared by a qyalified Professional 
Engineer containing the recommiended control measures shall be 
submit, ted to the lunicipaliti^/approfini authority in duplicate. 

2. Prior to final approval of the plan^ the Hinistry of the 
Environment shall be in receipt of a copy of the fully executed 
subdivision agreement between the owner and the municipal ity 
stating that the specific noise control measures, recommended 
in the acoustical report in accordance with condition 1.^ and 
any other additional measures,, recommended by this flinistry, 
shall be completed by requirement of the subdivision agreeiment, 

3. In the event that^ after the approved noise control measures are 
installed^ the Hinistry 's recommended sound level limits for 
proposed residential land uses are not fully achieved resulting 
in a marginal excess, the subdivision plan shall make provision 
for the inclusion of a warning clause for specified lots in the 
proposed development and this warning clause shall be 
registered against the lands to which it applies and included in 
every offer to sell an affected lot. The minimum requirement for 
a warning clause is as follows: 

"Purchasers are advised that despite the inclusion of noise 
control measures within the development area and within the 
individual building units, noise levels may become of 
concern^ occasionally interfering with some activities of 
the- occupant. " 



